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AERONAUTICAL SYMBOLS 
1. FUNDAM ENTAL AND DERIVED UNITS 
Length ______ _ 
Time ________ _ 







meter ___ __ ____________ _ 
second ___ _____________ _ 







foot (or mile) __ ______ _ 
second (or hour) ______ _ 
weight of 1 pound _____ _ 
Symbol 
ft. (or mi.) 
sec. (or hr.) 
lb. 
PoweL______ _ P kg/m/s ______________________ ____ _ horsepoweL _________ _ 
S d {km/h_ - - - --------- -- -- - k.p .h. mi./hr. - - -- - ----------
hp . 
m.p.h. 
f .p.B. pee ------- - -------- - - m/s__ __ ________________ m.p.s. ft./sec. ______________ _ 
2. GENERAL SYMBOLS, ETC. 
W, Weight=mg 
g, Standard acceleration of gravity = 9.80665 
. m/s2 = 32.1740 ft ./sec.2 
m, Mass = W g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 
s2) at 15° O. and 760 mm=0.002378 
. (1b.-f t. -4 sec. 2). 
Specific weight of "standard" air, 1.2255 
kg/m3=0.07651Ib./ft.3. 
mk2, Moment of inertia (indicate axis of the 












b2 S' Aspect ratio. 
J.L, Ooefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
q, 
L, 
1 Dynamic (or impact) pressure = 2P V2 . 
Lift, absolute coefficient oL=:S 
D, Drag, absolute coefficient oD=::S 
Do, 
0 , 
Profile drag, absolute coefficient aDO = ~S 
Induced drag, absolute coefficient oDt=~S 
Parasite drag, absolute coefficient oD p = ~S 
Oross-wind force, absolute coefficient 
a 
oC=qS 
Resultant force. R, 
~"" .Angle of setting of wmgs (reiative to 
thrust line). 
~" Angle of stabilizer setting (relative to 
thrust line) . 
Q, Resultant moment. 
n, Resultant angular velocity. 
Vl 
p-' Reynolds Number, where l is a linear 
J.L dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hl:. normal pressure, at 15° 0., the 
corresponding number is 234,000 i 
0.1' for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 
op, Oenter of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length). 
a, Angle of attack. 
E, Angle of downwash. 
aD, Angle of attack, infinite aspect ratio. 
at, Angle of attack, induced. 
aD, Angle of attack, absolute. 
(Measured from zero lift position.) 
'Y Flight path angle. 
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TESTS OF NACELLE-PROPELLER COMBINATIONS IN VARIOUS POSITIONS 
WITH REFERENCE TO WINGS. III- CLARK Y WING-VARIOUS 
RADIAL-ENGINE COWLINGS-TRACTOR PROPELLER 
By DONALD H. WOOD 
SUMMARY 
This report is the third oj a series giving the results 
obtained in the 20100t wind tunnel oj the National Ad-
t>isory Committee jor Aeronautics on the interjerence 
drag and propulsive efficiency oj nacelle-propeller-wing 
combinations. The first report gave the results oj the 
test oj an N.A. a.A. cowled air-cooled engine nacelle 
with tractor propeller located in 21 positions with rejer-
ence to a thick wing. The second report gave the results 
j01' several engine cowlings and nacelles with tractor pro-
peller located in jour positions with rejerence to the ame 
wing. The present report give results oj tests oj the 
same nacelles and cowling in the same positions with 
rejerence to a smaller wing oj Clark Y section. 
The wing had a 38-inch chord and a 15100t-10-inch 
span. The engine was a 419-scale model oj a W right 
J-5 radial air-cooled engine. Tests were made with a 
small nacelle with exposed engine cylinders, with a nar-
row variable-angle cowling ring, and with a hood taken 
jrom an N.A. C.A. cowled nacelle. Tests were also made 
with the .A.G.A. cowled nacelle complete and with a 
smooth body jorming the nacelle. The propeller was a 
4100t-diameter model oj the Navy No. 4412 adjustable-
pitch metal propeller. 
The lift, drag, and propulsive efficiency were deter-
mined at several angles oj attack jor each cowling and in 
each nacelle location. The net efficiency was computed 
by the methods oj .A.G.A. Report 415, and the re ults 
are compared with those oj that report and oj T. A.C.A. 
Report 436. 
The results oj the tests with the Clark Y wing are in 
general agreement with those obtained using a thick wing. 
The N.A. a.A. cowled nacelle located directly ahead oj 
the wing is the best tractor-nacelle arrangement. Analysis 
oj the results shows that the net efficiency is but little 
affected by the airjoil section oj the wing if the nacelles 
are located the same jraction oj the chord jrom the leading 
edge. The gain in efficiency due to cowling the engine i 
so much greater than the gain due to proper nacelle loca-
tion that it is advisable to cowl radial engines carejully 
bejore attempting to take advantage oj the javorable 
effects oj locating the nacelle ahead oj the wing. The 
proper location oj nacelles and carejul cowling are im-
portant in the high-speed range oj flight, but in the lower 
speed ranges there 1S little adl'anlage oj one nacelle posi-
tion or cowling Ol'er another. 
INTRODUCTION 
This report is the third of a series giving the 1'e ults 
of a general inye tigaLion of the mutual effects of 
wings, nacelles, and propellers. The program, origi-
nally pre ented at the Fourth Annual .Aircraft Engi-
neering Research Coni'erenc in 11ay 1929, ha been 
modified and extended from time to time, and now 
includes nacelle with tractor, pu her, and tandem 
propell r , and biplane a' well a monoplane wing . 
Te t ha,e been made with eyeral propeller pitch 
settings and with numerou type of air-cooled engine 
cowling. Later te ts will gi,e re ult on nacelles and 
cowling for liquid-cooled engine. 
The fhst report (refer nee 1) gaye the re ult ob-
tained with an 1'\ .A.C.A. cowled air-cooled engine 
nacelle and tractor propeller located in 21 po ition 
with reference to a thick monoplane wing. The ec-
ond report (reference 2) gaye the I'e ult for eyeral 
engine cowling and nacelle with tractor propeller 
10 ated in four po itions wit.h respect to tlfe same 
wmg. 
The thick wing u ed in the early te ts was de igned 
to be comparable to th portion of the wing where the 
nacelles are located on unbraced monoplane. In 
many in tallation thinner wing are u ed and it wa 
con idered adnsable to determine in a general way the 
effect of using a malleI' wing. 
Till third report therefore pre ent the re ult ob-
tained with the arne engine nacelle that were used on 
the thick wing and with se,eral of the arne variation 
in cowling. The nacelle were 0 located that the pro-
peller was the arne distance from the wing a in the 
test of reference 2. The wing had a Clark Y ection 
of con iderably narrower chord than the thick wing. 
Additional result were al 0 obtained with a mooth 
body located in the 4 po ition preyiou ly mentioned, 
and in 3 other po ition farther from the wing. The e 
latter results are u eful in indicating the effect of body 
shape on the nacelle-propeller performance. 
As pointed out in the previous reports, the nacelle 
positions tested represent the best location, directly 
3 
4 REPORT NATIO AL ADVISORY COMMITTEE FOR AERONAUTICS 
ahead of the wmg, and three other positions which 
have been quite commonly used in airplanes in the pa t. 
The number of positions, as limited to some extent by 
the necessity of reducing the numb r of te ts be ause 
of the time required. In any event, actual airplanes 
employ nacelle and wmg arrangements which, becau e 
of practical considerations, will differ from those tested 
however detailed the program may be. 
In all the reports of the investigation the same sys-
tem of presenting the results is being used. Detailed 
information is included in the tables in the event that 
the reader may wish to reduce the results by other 
methods. This report completes the presentation of 
the information obtained on tractor propellors ,nth 
radial engines and cowlings. 
APP ARAT S AND METHODS 
The propeller-research tunnel, in which the tests 




radial engine, and were four-ninths (0.445) full scale. 
A detailed wooden model of this engine was installed 
in the proper position in the nacelles. One nacelle, 
constructed with the dim nsions given in figure 1 
and called "small nacelle" , represents a normal 
nacelle such as is employed when the engine is un-
cowled. A larger nacelle fitted with a hood, the 
nacelle and hood constituting an .A. .A. cowled 
nacelle, was also used in some of the tests. The 
principal dimensions of this nacelle and the hood are 
given in figure 2. A third nacelle, called a "smooth 
body", ,vas also used in some tests. The dimensions 
of this body are given in figure 3. It may be men-
tioned that the small nacelle and the .A.C.A. cowled 
nacelle are identical with those used in the tests of 
references 1 and 2. 
Tests were also made with the small nacelle fitted 
with the .A. .A. hood mentioned previously, and 
with a variable-angle ring. The ring was so con-
structed that the angle of its inner 
surface with reference to the thrust axis 
could be adjusted, and in these tests 
this angle wa made - 8°. This ring is 
identical with that used in tests of ref-
erence 2; its dimensions are given in 
figure 4. In all the tests with the varia-
ble-angle ring the leading edge was lo-
cated 5% inches ahead of the center line 
of the engine cylinders. 
The propeller, which is 4 feet in dia-
meter, is geometrically similar to the 
Section A-A 
avy No. 4412, 9-foot-diameter aluminum 
alloy propeller. A number of full-scale 
tests of this propeller have been made 
and are described in reference 4. The 
blades may be turned in the hub to give 
different pitch settings. In the tests 
discussed here the pitch setting was 17° 
at 0.75 R, which is about average for 
usual operating conditions. This is the 
same pitch used in the tests of references 
FIGURE I.-SmaJi nacelle aDd engine assembl y. 
apparatus and test methods were used, with certain 
exceptions mentioned later. 
The wmg was onstructed of wood with a 38-inch 
chord and a 15-foot lO-inch span (aspect ratio 5). 
This span was the largest that could be conveniently 
accommodated in the wmd tunnel. The airfoil sec-
tion was the Clark Y, which has a maximum thickness 
of 11.68 percent of the chord. The ordinates of this 
section are so well known that they are not repeated 
here. The en tral portion of the wmg was provided 
with suitable metal ribs and plates for the connection 
of the struts required in attachillg the nacelle to the 
wmg. 
The engine nacelles, constructed of sheet duralumin, 
were similar to nacelles required for a Wright J-5 
1 and 2, and the results of the propeller 
tests are therefore directly comparable. 
For driving this propeller, a 25-horsepower 220-volt 
direct-current motor was mounted within the nacelle. 
Wires were led from the motor down the struts into the 
wing and along the supporting members to the control 
equipment on the floor below. The wires were 
carefully taped to the struts, and subsequent tests 
indicated a negligible effect on the tare drag. In a 
few of the first tests the wires were carried to the 
nacelle through a separate streamline strut. A 
Prony brake was used for calibrating the motor, and 
curves were obtained giving armature current against 
torque for several values of the field current. During 
the tests the field current was held at one of these 
calibrated values. Revolution speed was indicated by 
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a condenser-type electric tachometer connected by 
wires to an indicating instrument on the control board. 
The wing-nacelle-propeller com binations with the 
various cowlings were tested with the nacelle and wing 
Thrust Ime --, 
in the tests of reference 1. The nacelle positions are 
designated by the system of letters shown. 
The wing and nacelle combinations were mounted on 
the balance by means of s tandard supports, which have 
>8 
I<----20 ·'---->I<--13"--t-6 '-- -5~·-l 
A >B >G >D 
!<-----------48)t'----------: 
Section A-A Secfton B-B Section G-G Section D-D 
FIGUR E 2.-N.A.C.A. cow led nacelle and engine assembly. 
>A B > C 
-9" -10"-- --10"-- --10"-
39 " 
8 > C l. 0 
Section A-A Section B-B Section C-C 
FlGUR E a.-Smootb body. 
in the relative positions marked in figure 5. In the 
figure the cros es and circles indicate the positions of 
the center line of the propeller hub in the present tests. 
The crosses alone indicate other nacelle locations used 
FIGUR E 4.- ariable-angle ring. 
Section 0-0 
been described in reference 5. With these supports 
the airfoil pivoLs abouL a line near the lower surface 
25 percent of the chord back from the leading edge, and 
the angle of attack is adjusted by a crank operating a 
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post connected with a sting on the airfoil. The airfoil 
and nacelle mounted in one te t position are ho,,-n in 
figure 6. Figures 7, 8, 9, 10, and 11 ar photographs 
of the other wing-nacelle set-ups. In all cases the 
thrust line of th propeller was parallel to thr wing 
chord. The lift and drag force were mea ured 
imultaneously by balances on the floor below. The 
Reynolds Number varied from about 1,350,000 at the 
lowest air speed (50 mile per hOUT) to 2,750,000 at the 
highest speed (100 mile per hour). 
For use in subsequent analyses, a series of tests at 
various air speeds was made with the wing alone at 
angles of attack of - 5°,0°,5°, 10°, and 15°. Similar 
tests had been previously made with the nacelles alone 
(reference 6). 
With each combination a run was made at several air 
speeds with the propeller removed. The lift, drag, and 
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air speed were mea ured. A econd te twas thell 
made with the propeller in place, and with the Lunnel 
operating at several air speeds. In this test the lift, 
drag (or tlU'Llst), torque, propeller re\Tolutions, and ail' 
speed were measured. Separate tests were mad at 
angles of attack of - 5°,0°,5°, and] 0°. 
Tare-drag measurements were made with Lhe wing 
supported free of the supports. Other tests indicated 
that the propeller had a negligible efi'ecL on the Lare 
drag. 
Previous resllits (references 1 and 2) had shown 
that there wa an advantage in fairing the nacelle into 
the wing when Lhe two were close together and, ac-
cordingly, in these tests with the nacelle in po ition 
B-1-A and A-I-B, the space between the nacelle and 
wing wa filled with a fairing. Previous re ults had 
also shown a peculiar eHect of the side brackets u ed for 
mounting the nacelles when the nacelle was located 
-- - -- - - -- --~-
ahead of the wing. Tests were made on the small 
nacelle both with a fairing surrounding these side 
brackets and with the brackets remoyed. The fair-
ings required oyer the brackets on the .. .A. 
cowled nacelle were very small and no tests were made 
\Dth them remoyed. The fairings and side brackets 
are shown in the photographs of figure and in figures 
13 and 14. When the nacelles were located in positions 
C-3-A, C-3-B, and A-2-B, they were supported on 
struts and no fairings were used. 
RESULTS 




r., - qS 
A _ drag D- qS 
G _ moment 
m - qSe 
q, the dynamic pressure C% p V2). 
p, mass density of the air. 
V, veloci ty. 
S, area of the wing. 
e, chord of the wing_ 
(All moments are taken about the q uurtel'-chord 
poin t of the wing.) 
These coefficients were firs t plotted against the 
dynamic pre Sllre q and then cross-plotted as Or." aD, 
and C,n against a (angle of attack) at values of the 
dynamic pre ure corresponding to 50, 75, and 100 
miles per hour. 
The lift and drag coefficients have been plotted as 
polar diagrams arranged to facilitate comparison of the 
results with variolls cowlings in the different nacelle 
positions. Figure 12 show the result for position 
B-1-A with various cowlings; figure 13 hows the re ults 
fol' position B with side bracket fali-ing in place; figure 
14 shows the result for position B with side brackets 
removed; figure 15 shows the re ults for position 
A-1-B; and figure 16 shows the re ults for posi.tion 
A-2-B. Figure 17 hows the comparative results for 
Lhe small nacelle without cowling in four nacelle posi-
tions, and figure 18 sho ws similar results with the 
.A.C.A cowled nacelle. Figure 19 shows the com-
parative results obtained with the smooth body in 
various po iLions. In all these diagrams Lhe polar of 
the wing alone is also given. All the polars are 
plotted from Lhe data obtained at an air speed of 100 
miles per hour. The result are also given in tables 
I and II, together with tho e for two other air peeds, 
50 and 75 mile pel' houl'. The valu es of the moment 
coefficients, whi.ch were found to be the same for all 
air speeds, are given in table III. 
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The results with propeller operating are reduced to 
the usual coefficients 
p 
p = P71 3[P 
and 71 = propulsive efficiency 






(CLp) Table ' TIll, :'loment Coefficient with Pro-
peller Operating (rmp )' ince only individual ,' alues 
of the above coefficients arf' U ed in later romparison , 
no curves are reproduced here. The reader is referred 
to reference 1 for a typical set of such curves. 
ACC RA Y 
All readings were taken on cales and instruments 
that ""ere calibrated frequently dming the tests. 
The angles of attack of the airfoil were se t within 5' 
of the desired angl s \\~ith an inclinometer. The 
motor calibration showed a s atl ring of points repre-
F IGVRE 6.-Photograph of wing-nacelle combinatIon III position B mounted for test. 
where T, thrust of propeller operating in front of 
body (tension in crank shaft). 
!::.D, change in drag of body due to action of pro-
peller. 
T-I1D, eiIertive thrusl (discus ed in referen e 4) and 
CL and ('m are computed as before but are now calleJ 
CLp and (''''p' 
Thf' coefficients for all nacelle po itions and cowlings 
at various value of 1'/nD and difi'erent angle of 
attack arC' given in lables IV to YIII, in Iu ive: 
Table IV, Thrust Coefficient (Dr); Table ,Power 
Coefficien I (Cp); Table VI, Propulsive Efficiency (71); 
Table VII, Lift Coefficient with Propeller Operating 
senting a maximum error of 1 p J'rent. Tachometer 
reading were arcuralE' wilhin ]OrE'Yoluliom;pE'r minute . 
Th lift and drag Wf'J'E' mea. urf'd 10 thE' nearE'. t pound. 
In rf'rtain ca.E's at high angIE'. of allack lhE' forces 
fiuriuatE'd rapidly and tl1f' aboY<" aCCUl"nc)- could not 
bE' obtained. Thesf' OurlllHtion ocrUlwd mainly 
near the burble point of the airfoil. The major portion 
of lhe faired re ulL are belie"cd Lo b correeL with-
in ± 2 percen t. 
DISC SIO 
In a gE'neral considE'ration of t11f' problem of a nacelle 
and !l propeller operating neal' a wing, sE'veral factors 
mll t be considered. The nacelle !lnd wing have mu-
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tual interferences which appear as changes in the lift 
and drag, the propeU r characteristics are influenced 
by the presence of wing and nacelle, and the slipstream 
in turn change Lhe forces on the wing and na ene. 
A detailed discussion of these questions is given in 
reference 1, and it is concluded there that a comparison 
of the relative merits of wing-nacelle-propeller com-
binations must include propulsive efficiency, inter-
ference-dra~ effects, Dun lift effect. A net efficiency 
Small nacelle, exposed cylmder , fa ired into wlUg. 
Small nacelle, T. A.C.A. hood, faired into wing. 
arrangements in a fairly narrow range so that the 
predominating factor in the determination of the net 
efficiency is the nacelle drag and interference. A 
comparison of the relative drags of the various combina-
tions is then a first approxinlation to their relative 
merits. 
Accordingly, the drag results are first discussed and 
later the propeller effects are included. Besides 
simplifying the discussion, a somewhat clearer picture 
Small nacelle, van able-angle ring set _8°, faired mto wing. 
N. A.C.A. cowled nacelle, fa ired into wing. 
FlGCRE 7.-Nacelles in pOSit ion B-I-A. 
is deri,ed therein which includes the above factors in 
a rational and simple manner. The same methods 
are employed here. The method is perfectly general 
and the results can be compared directly with those 
previously gi,en. 
INTER FERENCE LIFT AND DRAG 
The largest item in the net efficiency is the pro-
pul ive efficiency, bu all test results point to the 
fact that the propulsive efficiency varies with different 
of the phenomena is perhaps thus obtained_ In 
figures 12 to 19, inclusive, each line represents a 
different combination of nacelle, wing, and cowling. 
The abscissa intercept between the wing-alone polar 
and that for any wing-nacelle cowling combination 
represents the drag added by the nacelle; i.e., the 
nacelle drag plus wing-nacelle-interference drag. Sim-
ilarly, the ordinate intercept represents the lift change 
due to the nacelle and cowling. These intercepts are 
of first importance because the arrangement that 
l 
.1 
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develops the least increase of drag and the least loss 
of lift (that polar closest to the wing-alone polar) is 
the best, considering only the lift and drag. 
In figure 12, which shows the results with nacelles 
and cowlings in position B-1-A, at a lift coefficient of 
0.35 corresponding to about 00 for the wing alone, the 
drag added by the small nacelle with exposed engine 
cylinders is about 2}~ times that added by the .A.O.A. 
cowled nacelle; that added by the .A.O.A. hood or 
Small nacelle, exposed cylinders, with side bracket fairing . 
Small nacelle, .A.C.A. hood. 
added is very much less. evertheless, the nacelle 
with exposed engine cylinders adds about three times 
as much drag as the .A.O.A. cowled nacelle, and the 
hood on the small nacelle adds about twice as much 
drag as the .A.O.A. cowled nacelle. The smooth 
body is only slightly better than the N .A.O.A. cowled 
nacelle. The loss of lift is not as great as with the 
nacelles in the previous position except in the case of 
the small nacelle with exposed engine cylinders. These 
Small nacelle, variable·angle ring set -8°. 
N.A.C.A. cowled nacelle. 
FIGURE S.-Nacelles In position B. 
the variable-angle ring and the small nacelle is about 
1}6 times that added by the N.A.O.A. cowled nacelle. 
These proportions hold approximately at the other 
lower angles of attack. The large loss of lift at high 
angles of attack from the nacelle installation in this 
position is to be noted, particularly in the case of the 
small nacelle with exposed engine cylinders. The 
advantage of cowling is amply evident. 
In figure 13, showing the results for position B, 
similar conclusions may be drawn. In this position 
the nacelle is partly within the wing so that the drag 
180032- 33-2 
results were obtained with fairings surrounding the 
ide brackets snpporting the nacelle. 
In figure 14 some of the result are shown for the 
ca e with the e side brackets completely removed. It 
will be noted that the drag added is about 17 percent 
greater than when the brackets were in place. This 
re ult is in contrast to that of reference 2, in which the 
removal of the side brackets wa shown to reduce the 
drag. In the case of the thick wing, the brackets were 
only a fraction of the wing thickness in depth; whereas 
in the present case they were pmctically as deep as 
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the wing and may have constituted a partial fairing 
of the nacelle into the wing. The nacelle with the 
exposed engine cylinders is till poor, particularly with 
reference to the lift at high angles of attack. 
In figme 15, showing the re ults in position A-I-B, 
the small nacelle with the exposed engine cylinder 
adds about twice a much drag as the I .A.C.A. cowled 
nacelle. The peculiar re ult with the variable-angle 
ring in this in tance is to be noted. The drag, except 
Small nacelle, exposed cylinders, faired into wing. 
Small nacelle, .A.O.A. hood, faired into wing. 
.A.C.A. hood or the variable-angle ring adds about 
twice as much. This result indicates that its inter-
ference drag must be lightly less than that of the 
N .A.C.A. cowled nacelle, because when tested alone 
its drag wa lightly greater. (See reference 6.) The 
drag with the nacelle located directly ahead of the 
wing is considerably Ie than that in other location, 
and the result therefore confirms previous te ts indi-
cating this location a the best. 
Small nacelle, variable·angle ring set _8°, faire((into wing. 
N.A.O.A. cowled nacelle, faired into wing. 
FIGURE 9.- acelles in position A-I-B. 
at the very low angles of attack, is considerably higher 
than that of the nacelle without cowling, and a very 
large loss or lift occms at the higher angle of attac1 . 
This result point to some peculiar interference effect 
created by this particular cowling. At the high 
angles of attack the other cowlings seem to be of about 
equal merit. 
In figme 16, howing the results for position A-2-B, 
the small nacelle with expo ed engine cylinders adds 
about three times as much drag as the .A.C.A. 
cowled nacelle; the small nacelle with either the 
From the diagrams, it appears that at the higher 
angles of attack there is no great advantage of one 
cowling over another. An exception is the nacelle 
with exposed engine cylinders, which shows very detri-
mental lift effects at the high angles in all except the 
position far below the wing. 
An ea ier comparison of the effect of position can 
be obtained from figures 17, 1 , and 19. In figme 17, 
the result are shown for the small nacelle with exposed 
engine cylinders, and in figure 18 the results for the 
.A.O.A. cowled nacelle in the four locations. The 
' 1' 
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location directly ahead of the wing is the best in both 
cases at the high-speed angles of attack, and in the 
case of the .A.C.A. cowled nacelle it is only at the 
highest angles that it is inferior to locations below the 
wing. In figure 19, the results of the smooth-body tests 
in five position are shown. The position directly 
ahead of the wing is superior to the others, but the 
variation is considerably less than with other types of 
cowling. This body is only a hypothetical shape and 
Small nacelle, exposed cyli nders. 
Small nacelle, N.A.C.A. hood . 
tests where only the nacelle and wing were present. 
One of the principal advantages of the present tests, 
however, is the opportunity for studying the effects of 
the operating propeller. The propeller supplies the 
thrust necessary to move the airplane through the air, 
and a proper determination of the thTUst available 
under any given conditions for the different nacelle-
propeller-wing combinations is a measure of the rela-
tive merit of the different arrangement. The varia-
Small nacelle, variable-angle ring set - 8°. 
" .A. C.A. cowled nacelle. 
FIGURE 1O.-Nacelles In pOSition A-2-B. 
could not be used in practice without modification, 
but the results indicate that careful shaping of the 
body may result in material reduction in drag. Even 
though its drag is not particularly low, the fact that 
it was of smooth contour seems to have had an appre-
ciable effect in reducing the interference drag. 
ET EFFICIE CY 
The preceding discussion and conclusions have been 
made without considering the propeller. The conclu-
sions are similar to what would result from any model 
tion in lift and drag without propeller has just been 
examined in detail . When the propeller is operating 
further changes occur, and in addition the propeller 
is affected by the presence of the nacelle and wing. 
In the detailed di cussion in reference 1, two factor 
are developed which are ummed up to give the net 
efficiency, a measure of the real merit of any wing-
nacelle-propeller combination. These factor are: 
(1) The propul ive efficiency, representing the ratio 
of the effective thrust power to the motor power. 
Effective thrust power is defined as the propeller 
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thrust minus the increase of drag due to slipstream, 
so that the effects of the body on the propeller and the 
propeller on the body are accounted for. 
(2) The nacelle drag efficiency factor, representing 
the fraction of the motor power which is used in over-
coming the drag and interference of the nacelle. 
The net efficiency, (1) minus (2), represents the 
fraction of the total motor power that is available for 
overcoming the drag of the other parts of the airplane 
Position B. 
Position A-2-B. 
. CT V CDC - CDW S (V)3 
Net effiClency = Op nD - Cp 2D~ nD 
where CDw , drag coefficient of the wing at a given angle 
of attack. 
CDC' drag coefficient of the wing-nacelle com-
bination at the same lift coefficient with 
propeller operating as the wing alone, and 
th other symbols as previously defined . 
Position C-3-A. 
Position C-3-B. 
F,GURE ll.-Smooth body in several positions. 
exclu ive of the nacelle. A high value of net efficiency 
indicates a high propulsive efficiency or low nacelle 
drag efficiency factor, or both. In any case, the 
higher the value the better the arrangement. 
The details of the derivation of these factor are 
given in reference 1, and only the resulting formulas 
are repeated here. 
P ul · ffi' (T - !J.D )V CT 11 rop SIve e Clency = 1] = p = Op nlJ 
CDc - CDw S (V)3 Nacelle drag efficiency factor = Cp 2D2 nD 
These formul as may be applied to any operating 
condition, and if the conditions are fixed for all nacelle-
propeller-wing combination a direct comparison may 
be made. Following the method of reference 1,' the 
factors have been computed for an angle of attack of 
the wing alone of 0° (CL =0.347) and a propeller 
VlnD = 0.65, corresponding to an assumed high-speed 
operating condition, and also for an angle of attack of 
the wing alone of 5° (CL =0.635) and VlnD = 0.42, cor-
responding to climb. The high-speed VlnD is the 
average value at which the propeller operated at peak 
CLARK Y WING- VARIOUS RADlAL-ENGI E COWLINGS- TRACTOR PROPELLER 13 
1.4 
I 1_1 W;~g a)one I I 
- {- .. -Exposed cylinders 
Small ---Variable-angle ring 




V ~- f.<> ~ p.-"'=: I-
V V .- ~-- f-o d- L--~ 1.0 
V ,;7 k/' ........ v~ V 
V, '.'/, /' ·i'/ '/. .B 
/ ~ I.~/ V-
I ~// 
/ <I; / , , 
.S 
II,' 1/// 
/ l;~ 1/ 
.4 
7 ' ~ x -5° Angle of attack , , ','1 i 0 0° .. 
f/ I r .' t> 5° 
,- ,, - 1- " - f-
a 10° .. .. 




o .04 .08 12 ./6 .20 
CIl 
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FIGURE 15.-Comparison of lift and drag cbaracteristics of wing alone and 
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efficiency in the tests. The climb V/nD is the corre-
sponding average value obtained by assuming a climb-
ing speed equal to 60 percen t of the high speed and the 
motor power reduced in proportion to the engine peed, 
that is, the engine developing constan t torque, which i 
substantially Lrue for airplane engine. The lift effect 
of the propeller i accounted for by adju ting the angle 
of attack to give the arne lift as the wing alone, as 
noted in Lhe definition of ODC' so that the compari on 
are essentially for the arne speed although the actual 
speed is undelermined. 
The method may be ill usLrated by the roll owing 
example. In figure 20 are plotted the lif t and drag 
coefficien t for the ,,-ing alone and the drag coeffi cien t 
for the small nacelle with expo ed cylinder on the 
wing in position B-1-A. The plotted valu s are taken 
from tables I and II. The lift coefficients with pro-
peller operating at V /nD = 0.65 and at V /nD = 0.42 are 
obtained by interpolating between yalue in table VII 
and plotted for several angle of attack. 
For the high-speed condi tion (OL = 0.347, V/nD = 
0.65) the lift with propeller operating is only sliO'btly 
greater than that of the wing alone for his par ticular 
combination. Projecting down from the lift-coefficien t 
curves at OL=0.347 to the drag-coefficient curve, the 
drag coefficient added by the nacelle, taking into 
account the lift due to the propeller, is ob tained a 
indicated on the figure. 
The nacelle drag efJiciency factor i 
N D F _ DC - ODW ( V ) 3 
... - Op 2D· nD 
Reading Op from table V and sub tituting the above 
values, there result • 
J D F _ 0.0250 50 ( )3_ 
. ·'.-0.0337X2X42X 0.65 -0.31 
Reading 71 from table VI 
Net efficiencY=71- .D .F . 
= 0. 53 - 0.31 =0.535 
as given in table IX. 
For the climbing condition (OL=0.042, V/nD = 
0.42) the lift coefficient with propeller operating j 
considerably greater than that of the wing alone. 
The drag coefficient chargeable to the nacelle i-
reduced accordingly because the same lift can be 
obtained at a lower angle of attack. 
The nacelle drag efficiency factor become, substi-
tuting Op from table V, 
D F - 0.0127 50 (0 )3_ 
. . . - 0.0421 X 2 X 42 .42 - 0.035 
The net efficiency = 71- J. D .F. 
= 0.675 - 3.0350 = 0.640 
as given in table X. 
The factors thus derived for the nacelles and cowl-
ings in the differen t positions are given in table IX 
and X . The values given here are based on different 
lift coefficients than the corresponding values in 
references 1 and 2. It i evident that the factors 
a sume different values depending on what operating 
condition are assumed and although there may be 
some question a to the possibilities of comparing 
the re ul ts directly it i felt that no material di -
crepancie re ult from uch a comparison. In order 
to be strictly corrcct, all comparisons hould b made 
at a constant value of the li ft which, in general, means 
differen t value of the lift coefficient becau e of varia-
tions in airfoil ection and arca. 
1.4 ,...-,--.--.,--.,----,---,--,-----r-,----,...., 28 
H--+---\--f--t----t- L ift coe ffie ient - - / 24 




-5 o 5 m 15 a 
Angle 0 f 0 f tock, CJ (degrees) 
FIGURE 20.-Melhod of oblaining nacelle drag used in computing nacelle drag 
effiCiency factor. 
(Small nacelle with exposed engine cyclinders in position B- l-A .) 
An examination of table IX indicate that the pro-
pul ive efficiency is highest in the high- peed condition 
with the nacelle with exposed engine cylinders. The 
.A . C.A. cowled nacelle and the smooth body give 
the lowest propul ive efficiencies. The e results are 
in agreement with tho e of other te t on propeller 
wi th mooth and with poorly tream-lined bodie . 
The high propulsive efficiency ·with the uncowled 
engine nacelle doe not mean high net efficiency, 
however. The nacelle-drag factor is very high and 
the net efficiency i correspondingly reduced. In 
almost every ca e, the order of the net efficiencies is 
in the inverse order of the drags of the varion com-
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binations, so that the .A.O.A. cowl d nacelle and 
wing combination has the highest net efficiency. There 
does not seem to be much choice between the 'variou 
intermediate cowling, although they are all bettter 
than the uncowled nacelle arrangement. 
In the climb condition (table X ) the differences are, 
as e}.-pected, Ie s marked. The propeller adds appre-
ciably to the lift, however, owing to the considerable 
vertical component of thru t and increa e of velocity 
over the wing . Thi re ult in the nacelle drag effi-
ciency factol' becoming negative in mo t in tance , 
indicating that the angle of attack i reduced suffi-
ciently below the angle selected for the climbing con-
dition to make the net drag Ie s than that of the wing 
alone. Becau e the nacelle drag is a much smaller 
proportion of th total drag at the high angles of 
attack, the differences in net efficiencies are Ie 
marked although the cowled nacelle till is th b st . 
The differen es, in general, are so slight that the per-
formance of any arrangement in the climbing range 
would not be greatly affected by the choice of nacelle 
location or cowling. 
The conclu ion in the preceding section on the differ-
ence in drag in favor of the nacelle with side bracket 
fairing does not seem to hold true when the propeller 
effect are considered. There is enough gain in propul-
siveefficiency by removing the side bracket to overcome 
the greater drag and the conclusion of reference 2 that 
side bracket are detrimental remains true. An excep-
tion will be noted in the case of the nacelle with ex-
posed engine cylinders in the high-speed condition. 
COMPARISON WIT H P R EVIOUS R E LTS 
In the PI' ceding di cu sion DO attempt has be n 
made to compare the re ult of the e test with tho e 
of reference 2. The present te t were made for the 
specific pm'po e of compari on, the same nac He and 
cowlings being used in both set of te t. The purpo e 
of the te t with lifferent wings is to show whether 
the hape and size of the wing ha a gr at influence on 
the nacelle drag and interference, and al 0 to indicate, 
if po ible, general rules for applying the results to 
various wing . In the two set of te t the nacelles 
were located with the propeller the same actual dis-
tances above, below, and forward of the leading edg 
of the wing. If the efficiency factor 'with the two 
wings are in agreement, it must be concluded that the 
relative pacings are not the predominating factor but 
that the results are determined by the absolute loca-
tion of nacelle, propeller, and wing. If the re ults ar 
not in agreement, then some other explanation i 
required. 
In order to compare the results without omitting any 
of the factors, it seems best to consider the efficiency 
factors obtained wi th some of the arrangements 
located in the same po itions on the two wings. In 
the following tabl these are listed for the .A.O.A. 
cowled nacelle located in four positions on both the 
thick wing and the Olark Y wing. The difference 
between the factors in the two cases are also 
indicated. 
COMPARISON OF EFFICIENCY F ACTORS Fon CLARK Y WING AND 
THICK WING WITH P ROPE LLER LOCATED 'rHE AME ACTl;AL 
DISTANCES FROM TilE L EADING EDGE OF THE WING IN EAca 
CASE 
N .A.C.A. CO,,' LED NACELLE 
1
(1) Clarkl(2) ThiCkl (1) -(2) Y wmg. wmg. 
Nacelle in position B·l·AI 
Nacelle drag efficiency lactor .. __ ..... __ .. __ '. 125 . on . 053 Proptll ive efficiency· .. .................. __ 1 0.7 I 0.
732 1 0. 056 
Net efficiency .. ____ .............. __ .... __ .663 . 660 .003 
Nacelle in position B 
Nacelle drag effici ncy factor .. __ . " __ "' __ . . 046 
Propulsiveefficiellcy -- ............... ---- __ I 0. 760 
Tet efficiency ......... __ ............. __ . . 714 
Nacelle in position A-I-B I 
prOPU].sive efficiency .... __ ......... ____ .... \ 0. 793 
Nacelle drag efficiency factor .... ________ ... . 151 
Net efficiency .. .................. __ " __ "__ 6~2 
'aceBe in position A-2-B 
Propulsive efficiency .... __ ... __ "''''''j 0. 773 T acelle drag efficiency factor .. ______ . __ __ __ . 135 
Net efficiency .. ______ .... __ .... __ . ____ . __ .. . 638 
I ' aceBe faired into wing. 










0. 770 I 0 003 161 - : 026 
_ 600 . 029 
It appears from an examination of this table that 
the net efficiencies are not greatly different in the wo 
ca es, the maximum variation beinO' 3. percent. 
There are, however , considerably greater di crepancie 
in the propulsive efficiency and nacelle drag effi iency 
factor . In 3 of the 4 cases, the net effi ciency is higher 
for the Olark Y wing arrangemen t. The agreement 
does not eem to be clo e enough to establi h the fact 
that the net efficiency is purely a function of the ac tual 
distance from nacelle and propeller to the wing, or that, 
the net efficiency is independent of the wing section 
used. 
There is ome indication that the net efficiencie are 
more a function of the rela tive distance between 
nacelle, propeller, and wing than of the ab olute dis-
tance. By making use of the contours in reference 1, 
it is po ible to elect values of the efficiency factors 
for conditions for the thick wing where the propeller 
is located the same relative distance in fraction of the 
chord from the leading edge of the wing as it is on the 
Olark Y wing of these tests. 
In the following table are listed the efficiency fac-
tor for the Olark Y wing, and also for the thick wing 
propeller-nacelle combinations with the nacelle and 
propeller located the same fractions of the chord 
above, below, and forward of the wing as in the Clark 
Y tests. 
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COMPARI 0, OF EFFICIEXCY F ACTOnS F'OR CLARh. Y 'Yn,G 
AND TlIICK WIXG WITH PROPELLER LOCATED TilE SAME 
FRACTIOX OF THE CHORD FRO~I THE LEADIXG EDGE OF THE 
"YING 1/\ EACH CMH; 
N.A.C.A. COWLED NACELLE 
t) ('lark (2) 
(1)-(2) I 
Thick 
Y wing, wing, 
these ft~s. II. 
I 
I,'s is . 15.160[ 
I rerer· ence I. 
Nacelle on Clark Y wing in position B·t·A' 
I'ropulsh 'e efficiency -.-.-----. ' __ 1 0. 788 I O. i::6 I 0. 032 
:--:ucelle <lral( effiCiency ractor .. .125.006.029 
'el effi ciency . ____ .. .663 ' .660 .003 
Nacelle au Clark Y wiul( in position 13 
I 
0.760 -I 0. 753 1 0. 007 . 
. 0~6 . 060 -. 014 
. 714 . 693 .021 
Propulsh'e efficiency . . 
"'aeelle drag efficiency ractoL . ____ . 
~et ('ffiriency__ _ _ _ _ __ 
----
~ acelle on Clark Y winv in pos ition A-J-B 1 
" acelle on Clark Y win ~ in position A·2·B 
Propulsh' e efficiency . -.. 1 o. 7i3 1 0.7831-0010 I Nucalle drag efficienc), ractor . ....• . 13.5 . 150 -: 015 
Net efficiency . . . ... ____ • • .638 . 633 . 005 
I Nncelle (lired into wing. 
It will be noted from thi table that the dillerences 
between the results are Ie s marked, and that only in 
the po ition A-I-B immediately below the wing is the 
diiTerence of any factor over 3 percent. The differ-
ence in thi case i perhaps accounted for by the fact 
that in the te t with the thick wing the hood of the 
.A.C.A. cowled nacelle \yas fa ired into the leading 
edge of the wing, whereas in the tests with the Clark 
Y wing the hood was not faired in. The mean diiTer-
ence in all the factors is 2 percent, and in the net 
efficiencies 1 percent. 
The agreement of these re nlt lends trength to the 
theory that the relative location of the propeller, 
nacelle, and wing is the main factor in determining 
the net efficiencies, at lea t for cowled engine nacelles. 
With so many variables operating and con idering the 
unknown separate eiIects of small change in the 
nacelle and wing and propeller, the agreement is rather 
surpnsmg. It may be safely said then that, to a fir t 
approximation, the location of the propeller and the 
nacelle with reference to difl'erent wings should be 
dC'tC'l'lllined in fractions of the wing chord if the efJ1-
eit'ney of Lll<' al'rangC'ment is to be estimated from 
l'('sults of these t('sts. With u, wing of wide chord the 
nacelle should then be located u, correspondingly 
greater actual di tance ahead of the wing for the best 
results. By analogy it would eem that if a larger 
engme is used the propeller and nacelle should be 
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moved forward in proportion to the relative sizes of 
the engine, enlarging all dimensions of the nacelle in 
proportion. These statements are equivalent to say-
ing that the geometrical proportions of the nacelle 
and the wing, both as to size and location of elements, 
hould be kept the same for comparable results. It 
should be stated that this is not conclusively estab-
lished as a fact by the test re ults, but it is true that 
in a few recent airplanes using larger engines it has 
been necessary to place the propeller farther ahead of 
the wing than the 25 percent of the chord recommended 
a the result of the earlier tests. Besides showing a 
lower speed, the nacelle located with the propeller too 
clo e to the wing indicated a considerable loss of lift 
at high angles of attack, the possibility of which has 
previously been pointed out. (See reference 7.) It 
would seem preferable, therefore, to err in the direc-
tion of placing the nacelle too far ahead of the wing 
than too close. 
There may also be some interest in comparing the 
actual drags and interferences obtained with the two 
wing arrangements. If till is done it is pointed out 
that the values of the coefficient OL and OD given in 
tlll report should be multiplied by two tlllrds to give 
coefficients that can be compared directly with the 
results of references 1 and 2. This is due to the dif-
ference in the wing area of the Clark Y and the thick 
wing. In most in tances, however, de igners will 
probably wi h to compute the actual drag, and if the 
re ults are computed independently no confusion 
should ari e between the two reports. It is also to be 
noted that the lift and drag coefficients of the wing 
alone are of no yalue in them elve because the wings 
u ed in the te t do not repre ent complete airplane 
wIng. 
Finally, it may be aid that, despite many minor 
deviation, the interference of nacelles is largely a 
function of the relatiye location of wing and nacelle, 
and that it i not greatly aiTected by the cros -sectional 
bape of the wing. The .A.C.A. cowled nacelle lo-
cated directly ahead of the wing is the be t arrangement 
of an air-cooled engine 0 far found. With uncowled 
engine there i no great advantage of one nacelle lo-
cation over another. The advantage of cowling, how-
ever, is 0 much greater than any advantage re luting 
from nacelle locations that it would seem reasonable to 
cowl the engine properly before attempting to take 
advantage of the ndditional gains re ulting from the 
pl'o]lC'l' \oC'!ltioll of the nneell('. 
co CLUSIO S 
The following general conclL! ions lllay be drawn. 
Of these, the first five are in agreement with those of 
referen e 2. The hlSt two conelu ion re ult from a 
companson of tbe present data with those previou ly 
obtained. 
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1. The drag and in terference of nacelles are reduced 
by cowling the nacelle. Co~ded na elles located near 
the wing, however , should be carefully faired in to the 
wing rather than supported by struts only . 
2. The propul ive efficiency of propellers on wing-
nacelle combina tion i reduced by adding cowlings to 
the nacelle. 
3. The net efficiency is greatest for a smooth body 
or an I .A.C.A. cowled nacelle. 
4. The be t location for a tractor propeller and 
nacelle is directly ahead of the leading edge of the 
wing, the di tance being determined by the engine 
size (25 percent chord minimum). 
5. The location of the nacelle and the type of cowling 
are of importance at hicrh peed but are of relatively 
little importance at clim bing speeds. 
6. The net efficiency of a wincr-nacelle-propeller 
combination is but little affected by the airfoil ection 
of the wing. Nacelle with propeller located at the 
ame fractions of the chord from the wing give about 
the same re ults Jor different wing sections. 
7. The advantage of cowling is greater than any 
advantage re ulting from nacelle location. Air-cooled 
engines hould be carefully cowled before attempting 
to take advantage of the additional gain resulting 
from the proper location of the nacelle. 
LANG LEY 1 1EMORI AL AERONAUTICAL LABO RATORY, 
NATIONAL ADVISORY COMMITTEE FOR AEROl AUTICS, 
LA GLEY FIELD, VA., April 20, 1933 
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CLAHK Y WI~G-VARIOUS RADIAL- ENGINE COWLI GS- TRAC'rOR PROPELLER 
TABLE I 
LIFT COE FFICIENT WITHO UT PROPELLE R 
C _ lif t L- qS 
--.,-----;-- --,----1 
50 I 100 
1 
Type o( nac311e 11. ., . = I ,360,000 -7-~-':-0-,p'r-·-0-0-'II-~-. 5-0-=_2TIO_I_:_~:-00-1'-_-~-~-;-iTl-'P-0-:-' --;-1 ~. T,: " :. I --------1 
An?l. o( aUack_ 
Nacelle posit ion n, with side b rackets 
---
Smooth body ____ _ _____________ 0.025 0.327 0.630 0.935 0.025 0.327 0.630 E Xllosed cylin ders , __________ ___ ____ 
.052 .312 .575 55 .052 . 312 .575 
~.A.C.A. hood , ____________ ___ _ 
.033 . 330 .626 .920 .033 .327 . 619 
X.A.C .A cowled nacelle ___ ________ 
-.-- .033 .330 .630 .930 . 027 .325 .627 
Nacell e position E , w ithou t s ide brackets 
0.570 I 0.830 /1 0.037 1 0.301 I 
.605 .900 .027 .317 
.600 . 6 .030 .315 
0.
307
1 3 17 
. 315 
Exposed cylinders ,--------- - ------ ____ I o. 0~5 1 N.A .C.A. hood , ____ _____ _ _ _____ _ _ .027 

















. 033 .323 
.020 .317 



















O. ~O 1 1.02, 
.900 1. 163 
.886 I. 123 
Smooth body __ __ _ ---- __ --- _ _ _ __ I 0.030 I 0.330 I 0. 633 1 0. 936 1 0. 022 1 0.32 1 I 0. 628 1 0.931 I o. OlD I 0. 312 1 0. 617 1 0.915 F 
i-.'3cell e p~~ i tion B-I-A, (a ired into win~ 
-
Exposed cylinders , ______ 
- -------- O:~~~ O:~H 0.625 O. 7 I 0.056 0.337 0. 619 1 O. 71 0. 050 I 0: ~~~ 0.610 O. 6~ 0. 983 N.A.C. A. hood' --- ._--- .637 . 910 . 058 
. 3;~ . 637 .910 .058 .63, . 910 I. OSO N.A.C. A. cow led ~l aceiie_-_-~_ 
--- --- ::r:~ . 373 . 652 .915 :~~~ .36 . 6~9 .915 .075 . 360 .~5 .915 I. 0~ 3 Variable ring _8° 1 _ _ ____ __ .336 .627 . 90s .336 .627 . 90s . ~8 .336 .62i .908 I. 027 
Nacelle position C-3-A 
mooth body ___ --- ___ ----- ----- _I 0. 035 1 0. 333 1 0. 630 I 0.930 I 0.030 I 0. 328 1 0.027 I 0. 928 1 0.020 I 0.320 I 0. 623 1 0. 925 11.197 
I Nacelle po iLion A-I-B, (ai red into wine: 
Expo'rcl cy linders ,__ _____ __ _ _ __ _ 0.015 
'. A.CA. hood , __ .____ _____ _ __ _ _ . 000 
Variable r ine: - 0' ____________________ . .010 
N.A.C.A. cow led nacelle .. ____________ -.026 
Smooth hody _ _ _ _ ________________ __ 
Exposed cy linders , ________ . ________ _ 
.A.C .. L hood , ________ _________ ._ 
Variable ring _8° I _ _____ _ ____ _ 















O. 5~~ O. 60 0.015 0.295 
. 575 60 - . 00 1 3 
.515 15 .006 .27 1 
.540 27 -.026 .2.57 































0.60 10. 015 
. 58 -.010 I 
.811 .000 














































Smooth bOd~ _ ~ ___________________ 1 0. 005 1 0. 313 1 0. 619 1 0. 923 1 0. 005 1 0.313 0.619 0.923 0. 005 1 0. 313 1 04 0.923 I. 205 
\\rin~ alone 
I 0.070 I 0. 359 1 0.646 I 0. 934 1 0. OR5 1 0.354 o. ~21 0. 928 1 0. 059 1 0.34 I 0. 637 1 0.920 1 I. ~05 
, Small nacelle. 
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1_ 'I'ype of n,)cclle 
A n ~!e of anack 
Smooth bod~t 
~:, posed C) Ii nders , 
I': . A.C' .A. hood' ... 
N.A.C.A. cowled Mcelle .. 
TABLE II 
DRAG COEFFICIENT WITHOUT PROPELLER 






R.:\ .= 1,350,000 7.1 IIL p.h. 
I 5° 10° _,;0 
IL ~ . = 2,0·10.000 100 ,,,.p.h. H .l\ .= 2,720.000 
0° 5° I 10° _ 5° I 0° I 5° I 10° I 15° 
--'----'-
NnceJlc position 0, with sine hrst"kNs 
0. 0120 0.0220 0. 0525 O. 1070 0.011S10021B 0. 0 
. 0320 .0100 
· 06~0 . 1230 .0390 .OJ75 
.01 0 .0270 . 0575 . 1100 .0180 .0270 .0 
525 O. 1070 0. 0115 0.0210 0.0525 O. 1070 O. 19 10 
O{lfoO . 1210 .0250 .0325 .0020 . II 5 . 1970 
578 . 110 .0180 . 0270 .0585 . 1120 . 1840 
.0125 .0230 
· 05~5 .10'0 . 0125 .0225 . 0 W . 1077 .0125 .02 15 . 0.i35 . 1070 . I 00 
--_.-
-----------
l':acclle position n, lI'itholil side hrackel' 
Exposed !:'y lindcrs I .1 0.0320 0.0390 0.0095 0.1260 0. 0310 I 0.03S3 0.0 
:\.A.C'.A. hood' 
----
.0215 .0320 .0625 . 1140 .0207 . 03!2 .0 
\ 'arinblp rillJ;!" _ 0 I .. . .0235 .0335 .0610 .1200 . 02~i . 0325 . 0 
_11  (;'51 0.12-10 II 0.0290 I 0.0370 I 0.0670 I 0. 1210 I 0.1990 615 . 1140 .0190 .0290 .0600 . 1140 .140 635 . 1192 . 0215 . 0310 . 0625 . 110 . 170 
Narelle position C' 
Smoolh hody 
__ I 0. 0120 I 0. 0230 I 0.0550 I 0.1100 I 0. 0120 I 0. 0230 1 0. 0550 1 0. 1100 1 0.0120 I~· ono I 0.0550 1 0.1100 1 O. I 90 
Exposed cy linders ,_ 
~!. A .C .A. hoorl '. __ __ 
N.A.C.A. cOII'led n. ·elle .. 
\" ariable rintt _8° I ~. 
Smooth body. .... .......... .. 
I'''posed cy linders' .' ... __ .•• 
N .A. C.A. hood '.. . . 
\' ari abl(l rill~-8° 1 ______ _ 
:\.A.C.A. cow led nacelle . 
Smooth body ......................... . 
Exposed cylinders , ................ .. 
N .. I.C .• I. hood' .................... . 
Variable ring-SO ' .• _ .............. . 
N.A.C.A. cow led nacelle .... •. • .....• 
Smooth bod) . 
, Small na celle. 
1\'8('elle pOSition n-I-A. fairer! into wing 
----
0.0320 0.0415 0.0 10 0.1-110 0.030.1 O.O~% 0.0'02 O. 1~15 0.02'0 0.0-1-15 0.0790 0.1390 0.2250 
.0230 .0:]75 . on; . 1:1:10 .0222 .0365 . 0725 . 1326 .02 10 . 0350 .0705 . 1320 .2250 
.0185 .0330 .0090 .1:165 .01 70 .0320 .06,0 . 1;)50 .0 155 . 0300 . 0060 .1 330 .2220 
.0260 .0100 · 07~.; . 1370 .02,;3 .0:IR5 .0770 . 1363 .0240 .0360 . 0740 . 1350 .2290 
i'-Acelle pos il io n ('';1·.\ 
I 0.0201 I 0. 0325 1 0.0630 I O. \150 I 0. 0185 1 0. 0305 1 0. 0615 1 O. 1135 1 0.0160 I 0. 0270 I 0. 0595 1 0. 1115 1 O. 1770 
:"\Acelle po>ition A· I·B , f,li red into lI'in~ 
I 
'1 O. O~OO 0.0400 0. 0630 I O. 1070 0.0390 0.0390 0.0620 0. 1060 0.0375 0.0375 0.0600 O. 10 10 0.1670 
.0270 .0315 .0055 . 1010 .02li3 . 0305 . 05,;3 . 1010 .0250 .0290 .0550 .1010 . 1640 
. 0310 .0340 . 0590 . 111 0 .0295 . 0333 .0590 .1 110 .0270 .0320 . 0590 .1110 .1970 
.0215 .0275 .0520 .0960 . 0200 . 0260 .0513 .09.18 . 0180 .0240 .0500 .0955 .15 5 
---
---
Nacelle position A·2· E 
-
0,0201 0.0270 O. 0565 1 O. 1035 0.0190 0.0263 0.0555 0.1025 0.0175 0.0250 0. 0540 0. 1010 0.1655 
.0425 .0450 .0700 . 1165 . O~ 15 .OH2 .0696 . 11 60 .0400 . 0430 .0090 .1150 .1750 
. .0300 .0345 .0630 .1100 .0285 .0340 .0622 .1100 .0260 .0330 .00 10 .1 100 .1750 
.0300 .0350 .0625 . 1125 .0290 .0348 .0025 .1125 .0275 .0345 .0625 .1125 .1790 
.0215 .0275 .0555 . 1025 .0200 .0268 .0550 . 1027 .0180 .0255 .0540 .1030 . 1670 
:\acelle position C·3·E 
0.0220 0.0305 0.05S5 0.1070 0.020.5 0.0295 0. 0570 0.1006 0.0180 0.0270 0.0550 0.1060 0. 1710 
,r ing alone 
I 0. 0096 1 0.0210 I 0.05221 O. lOll I 0. 0092 1 0. 0202 1 0. 0509 1 0. 1012 1 0.00 61 0. 0192 1 0. 0492 1 0. 1013 1 O. 1656 
CLARK Y WI G-YARIOU HADIAL-ENGIKE COW LINGS -TRAC'rOR PROPEL LER 
TABLE ITT 
MOl\lE T CO I~FF ICIENT WIT Il Ol T PROPELLER 
,--
0° 5° 1 10° Type of nacelle 
A ngle of attack 
:\acelle position n, witb side brackets 
Smooth body ______ . 
Exposcd cylinders'. ___ .. __ 
N.A.C.A. nood , ___ . ______ _ 

















Kacelle position n, without side brackets 
_ I -0.
072
1 _ __ ____ -.0~4 
_ _ _ _ -.Of5 
-0.061 I -0. 053 1 -0.047 
-.000 -.048 -.031 





Nacelle position C 
_______________ -~'_-_0_.0_7 __ -_0_._05S~ -0 .• O,3R [-0. 02:1 -0. air, 
Xacelle position ll·)-.\, faired into win~ 
Expoged cylinders , _____ . _____ _ 
N.A.C.A. hood , ____________ _ 
N.A.C.A. cowled nacelle ____ _ 




I N.A.C.A. hood ,_ 
Variahle ring _ 0 I ___ _ 
N. A.C.A. cowled nac2lle ___ _ 
mooth body __ 
Exposed cylinders' 
N.A.C.A. hood' 
\"ariable ring - ° , 










-.030 -.034 - . ()flO 
-.030 -.037 -.071 
-.031 -.021)' -.051 
:-\acelle position C-3-A 
-0.060 I -0.0431 -0.037 -0.039 [-0.031 




__ -. 0~8 
_ -. Oil 

















-0.068 -0. 056 -0. 062 
-.065 -.004 -.056 
-.061 -.058 -.071 
-.060 -.0.1.; -.056 
-0.061 I -0.064 -0.067 
- 070 -.060 -.06:1 







Smooth bod y __ _ 
----------- --- --- __ I -0.085 -0.0 -0. on I -0.06-1 1-0.;;;;;' 
,-------------------------------~--------------
, . mall nacelle. 
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TABLE I V 
THRU T COE FFI CIENT 
c.- (T -t.D) 
7- p n2 D' 
P ropeller No. 441 2~1 f et. Set 17° at 0.75 R. Angle of attack = _5° 
Type of nacelle 
0.1 
Smooth body ____________________ __ _ 0.028 Exposed cylinders , ________________ ____ _ 
.0 63 
:-.1.A.C.A. hood ___ _ _______________ _ 
.0 62 
N.A.C.A. cowled nacelle ____ _________ _ _ 
.0862 
"xposed cylinders' 
:-:.A.C.;\. hood , _ 
\"ariable ring _ 0 I 





0.2 0.3 0.4 0.5 
Nacelle position D, with side brackets 
0.07i8 0.0712 0.0628 0.0524 
.0821 .0761 .0680 .0584 
. 0 15 .0749 . 065i . 0567 
.0811 . 0713 .056 1 . 0561 




-I~o -I 0. 0723 1 .07S!! .0706 
.07R7 .0701 












































_s_'_n _oo_t_h_b_0_d_y _______ -_-_-_-_- -_-....!-1_0_-0_83_.6_'-LI_O_._07_--,-1_0_._0_i2O_...!1_0._063_ i--.JI,--0_.0_53_I-.!.,I_0_._0-1I2 I 0.0275 I 0.0120 1-0.0052 ,-0.021,'; 
Exposed c'ylinders , ____ _______________ ._ 
N.A.C.A. hood , _______ _ 
N.A.C.A. cowled 11acelle ___ ___ ._ 




. 089 1 






































· ___ 1 0.0833 I 0.07 I 0.0723 I 0.0639 I 0.0537 I 0.0414 I 0.0275 I 0.0125 1- 0. 0025 1 - 0. 0210 
--------------------------~----~----~----~~----~----~---
Smooth body __ . 
Nacelle position A-I-B, faired into wing 
Exposed cylinders' 0.0 0.03 1 0.0772 0.0696 0.0600 0.0 190 0.0367 0.0234 0.0097 -O.ooSO 
N.A.C.A. hood , _ .0852 .030j .0741 .0560 .0565 .01SO .0320 .01 .0040 -.0105 
Variable ring _8° , _ _ .0850 .0817 .075 1 .0668 .0559 .0151 .0320 .0180 .0030 -.0130 
N.A.C.A. cow led nacelle_ .0865 .0814 .0747 .06fH .0555 .015 . 0329 .0185 . 0035 - . 0125 
Nacelle position A-2-B 
mooth body 0.0879 0.0765 I 0.0680 0.0572 0.0·115 0.0300 0.0140 \-0.002 -0.0209 
Exposed cylinders , _ .0890 .07 2 I .0701 .0603 .0185 .03SO .0201 .0045 -.0121 N .A.C .A. hood' .0 7 .0751 .066 .0566 .0141 .0309 .0161 .0006 - . 0170 Variable ring _ 0 I .0893 .078i .0702 .0601 .0480 .0344 .0195 I .0032 -.0114 N.A.C .. \ . cowled nacelle .0 72 .Oi57 . 0672 .0570 .0451 .0312 .0155 -.0012 -.0193 
"ncelle position C-3-B 
Smooth body 






0.0545 I 0_ 0538 I 0.0415 I 0.027 I 0.0130 -0.0030 1 -0.0195 









= (T-t. D ) 
p n2 D' 
Propeller No. 111 2 Ifeel. Ret 17° at 0.75 R. Angle of altack=Oo 
'Type of nacello 
Rmooth body ___________________________ 1 
R'posed cylinders , _____________ _ 
I\ .• \. C.A. cowled nacelle ___________ _ 









I~xposed cylinders , __ 
:'-I.A.C.A. hoorl ' ____ _ 
\ 'ariahle ring- 0, 
0.2 





































O. 0792 O. Oil 1 
.07H1 .069H 
. DiSH I . OiO·1 































Smooth body ________ _ 
, 0.0827 1 0.070 , 0.0714 0.0030 0.0.12" 0.010" 1 o~ 0267_1 0.010., i-0.006R -0.0261 
Rxposed cylinders ,________ _ ________ _ 
N.A.C.A. hood ,---------- --- I N.A .C.A . cowled nacelle___ _ 





Smooth body ____________ -- --- I 0.0833 
Exposed cylinders 1. ____ _ 
N.'\.C.A. hood ,, ____ _ 
Variable ring-SO '. ___ _ 
'. A.C .A. cowled nacelle, __ 
Smooth bod~' __ _ ___ 
Exposed cylinders , ____ _ 
N.A.C.A. hood ,_ 
Variable ring-SO '. __ _ 
N.'\.C.A. cowled nacelle 
Smooth body __ 












Xacelle position D-I-A, faired into win!! 
O. OS621 O. OSOO 



















.0336 j 0.0202 .0197 .0195 .01 5 O.ooss .0035 .0032 .001 -O.OIOR -.0128 -.0145 -.0165 
0.~0.Oi22 0.0640 0.0535 1 0.0412 , 0.02i3 " 0.0120 1-0.0040 -0.0212 




























. Oil 0 
.0672 
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P ropeller No. <1412- 4 feet. Set 17° at O. i5 R. An~le of aUack =.)0 
Type of oacelle __________________________ _ 0.1 1 0.2 1 
I 
0.3 I O. 5 1 o. 6 1 O. 7 1 
Smooth body _ _ _ _________________________ 0.0808 
Exposed cylinders ,_______________________ .0857 
N.A.C.A. hood ,_________________________ .0854 
N.A.C.A. cowled Dacelle ___ ___ _______ __ __ .0834 









































Nacelle position n, without side brackets 














0.0065 \ -0. 0095 N.A.C.A. hood , ______ ___________________ 
.040 .0774 .0690 . 0585 . 0467 I .0333 .01 7 .0030 -.0139 Variable r i1)(~ -So ' ... __________________ .0900 .0850 .07 1 .0695 .0592 . 04i3 . 0340 .0200 .0046 - .0118 
Nacelle position C 
Smooth body ______ --- __________ ____ __ 1 0.0838 I 0. 0781 I 0.07 I 0.0621 I 0. 0518 I 0.0398 I 0.0263 I 0.0110 1-0. 0063 1-0. 025,; 
Tacelle position B-l-A, faired inlo wing 
Exposed cylinders , _________________ ___ __ O. OSSO 0.0832 0.0770 0. 0685 O. 05~5 0.0467 0.0335 0.0197 0. 0050 -0.0105 N.A.C. A. hood , ______________________ ___ 
.0874 .0826 .0762 .0679 . 0573 . 0450 . 0310 .0167 . 0013 - . 0152 
N.A.C.A. cow led nacelle _________________ 
. 0875 .0 23 .0758 .0672 .0570 · 0~53 . 0~20 .0172 .0014 -.0155 Variable ring _8° , __ _____________________ 
. 0867 .0 20 .0757 .0676 . 0579 
· 0~ 6:' .0336 .0195 .0042 -.0120 
- - -
Kac lie posi tion C-3-A 
Smooth bOjY ____ =-__ ~_==_~ ___ ~ 33 I 0.07 1 0.0723 I 0.06~0 I 0.0537 I o.om I 0. 0275 1 0.0122 1-0. 0044 1-0. 0220 
Exposed cylinders' ____________________ _ 
' .A .C.A . hood , _____________________ _ 
Var iable r ing _ 0' ___________ . ________ _ 
N. A.C. A. cowled nacelle ________________ _ 
-----
Smooth body _____________ _____________ _ 
Exposed cylinders , __________________ _ 
N .A.C_A. hood , _________________ _ 
Variable rin~ - 0,___ ____ _ ___ _ 






















.0677 I .0681 



































































- . 0065 
I -0.003 
-.0044 
- . 0070 
-.0121 
-. 0090 
Smooth bOdY ____________________________ 1 0.0852 I 0.0800 I 0.0731 I 0.0646 I 0.0540 I 0. 0423 I 0.0290 I 0.0146 1-0. 0005 1 -0.0170 
, Small nacelle 
CLARK Y WI G- VARIOUS RADIAL-E GI E COWLI),TGS- TRACTOR PROPELLE R 
Type of Nacell ~ 
TABLE IV- Continued 
THRU T COEFFICIE T 
C _ (T - tl D ) 
T - pn2D' 
Propeller No. 44 12- 4 feet. Set 17° at 0.75 R . Angle of attack= 10° 
- 0.-1 I 0. 2 I 0. 3 1 0. 4 1 0. 5 1 0. 6 r O. 7 - 1 0-. -I 0.9 1 I. 0 
I---------------------~----~--
Smoot h body ____ _____ _ ________ _ 
Expo ed cylinders ,_____ _ ____ _ 
N .A.C.A. h ood ,_____ _ _____ ____ _ 
N.A .C .A . cowled nacelle__ _ _______ _ 
Exposed cylinders , _______ 









Tacelle position B, with side brackets 
I 




0.057 I 0.0478 
.0&19 .0540 
.0607 . 0505 
.0614 .0513 
I 
Nacelle position B, wi thou t s ide brackets 
I 





. 0813 . 0737 .0646 .0545 
.0814 I . 0742 .0655 .0557 






































- . 012, 
- . 008 
mooth body ___ _ _ 
_____ 1 0. 0800 / 0.0719 1 0. 067 / 0. 0591 / O. ().I86 1 0.0370 1 0.02'&5 I 0.0090 / -0. 0065 -0.0234 
Nacelle position B- I-A , fai red into wing 
-
I Exposed cylinders , ________ ....... - -- 0.0 59 0.0811 0. 075.1 0. 0678 0.05 0 0. 0464 
I 
0. 0332 0.01 9 0. 0038 -0. 0121 N.A.C.A. h ood , ___ _______ 
--------
. 0852 .0800 .0730 . 0640 . 0540 
I 
· ().I34 . 031 3 . 01 0 .0041 -.01 00 




.079 . 0725 .0637 .0535 . 0421 . 0297 . 0157 . 0010 - . 0151 Variable ring _ 0 1. ___________ • ________ 
.0851 .0796 .0725 .0640 .0543 · ().I36 .031 . 01 .0050 -.0095 
N acelle position C-3-A 
Smooth body --- ---------- -- 0. 0820 / 0. 0775 / 0.0711' 1 0.0628 1 0. 0524 0. 0403 1 0. 0266 0.0117 1 - . 0045 1 -0. 02IH 
-
Nacelle position A-I-B , fajred into wing 
Exposed cyli nders , __ _ 
-----
0. 0875 0.0825 0. 0760 0.0677 0.0560 0. 0468 I 0.034 0.0220 0.0085 -0. 0055 N .A.C.A. hood , ____ ___ : 
----------
.0850 .000 .0740 .06 
I 
.0562 . 0455 
1 
. 0341 .0220 . 0095 - . 0040 
Variable ring -8° , ____ 
-- -----------. .0 55 .0808 . 074.5 .0670 .0 I . 04 2 . 0377 .0266 .0152 .0030 




.0860 .0810 .0740 _0660 .0565 . 0461 .0347 .0229 _0106 - . 0023 
Nacelle position A-2-B 
Smooth body ____ : -I 0. 0858 0. 0806 0. 0740 / 0. 0600 0. 0565 I 
0. 0457 0.0319 
I 
0. 0212 I 0.0079 -0.0059 Ex posed cyli nders , _ - ----- . OS70 . OS16 . 074 .0665 .0571 .046-1 . 0351 . 0230 . Ol().l - . 0023 .A.C.A. hood , ____ 
---
- - ---_. ---- .0854 .0800 .0730 . 0650 .05 . 0452 . 03~0 .0221 . 0096 -.0037 Var iable r ing _8° ,_ _ _____________ 
. 5 
. 0836 .0770 .0691 . 0599 · ().IY5 . 03l!2 .0263 .0140 .0015 
N .A.C.A. cow led nacelle . ____________ : 0l>60 . Olm . 0738 . 0654 .05 . 044 . 0332 . 0213 . 0092 - . 0026 
Nacelle position -3-B 
Smooth body ____ - ________________ __ ___ I O. OS50 I 0.0803 O. 0_73_5....!...1_0_._06-I_ b __ 0_._054_ 2 ...!...1_0_. 64_ 23 l_0._029_6-,-1_0_._0_160 __ 0_._0020_~_-_0_. 0_1_25 __ 
, mall nacelle. 
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26 REPOR'l' ATIO AL ADVISORY COMMITTEE FOR AERONAUTICS 
TABLE V 
POWER COEFFICIEr T 
CP-~ 
pn3 D5 
Propeller No. -11 12 4 feet. Set 17° at 0.75 R. Anrle of attnck= _5° 
'Type of nacelle 
0.1 
Smooth body___ _ ________ _ 0.0407 
.0448 
. 04~ 
Exposed c)-linders , _______ _ 
N.A.(' .A . hood , ___ __ ___ _ 
N.A .C.A. cowled nacelle_ .0450 
I Exposedcylinders ' _____________ 1 0. 0-143 N .A.C ._\ . hood ' ____ _ _ _____ _ .0130 \" - bl - So , .0438 !~rtng- .~ ____ _______ ~ __ _ 
I" 
n75 
0.2 0. 3 I O. I 0. 5 I 
Nacelle position D, with side brackets 
0.0107 0. 0403 0. 0393 0. 0370 
.0449 
· 04~1 .042(; .0399 
. 0·150 · ()'145 .0432 . 0·106 
.0447 . 0138 .0120 .0393 










Nacelle position C 




































O~FI 0. 0375 1 0. 0349 I 0_0310 1 0.0245 1 0.0153 1 0_0033 1---------
--~-----'--
mooth body _________ ___ _ 0.0397 
l\'"acelle pos ition D-I-A, fa ired into wing 
Exposed cylinders , _________________ 0. OH3 O. 01~2 0.0 135 0.0120 0_ 0398 0.0361 0.0306 0.0226 0.0120 N. A_C.A. hood , _____ ________ _ ________ 
. 0152 .0 119 _OHI .0126 .0400 _ 0361 .0306 .0229 .0 12'1 
N.A_C .A_ cow led nacelle _____ __ __ _ 
-- -
.0 150 _ 0147 _ 0·138 .0123 .0399 .0364 .03 11 .0230 .0127 
\ ' ariable ring _8° , ___ ____ __ ~4 __ _ • _ ______ .0{56 . 0453 .0445 .042 . 0400 .0360 .0304 .0226 .0118 
N acelle position C-3-A 
I Smooth body ~07 1 0.0406 1 0.0403 1 0.0391 1 0.0362 I 0.0315 1 0.0249 1 o~r 0.0051 1-------
Exposed cylinders , _______________ _ 
N. A.C.A. hO(ld l _______________ . ____ _ 
Variable ring _ ° '. _____ ___ . ___________ _ 
:--I.A.C.A cow led nacelle ___ __ ____ ___ _____ _ 
Smooth body _________ _____________ ____ _ 
J<:xposed cylinders ,_ . ________________ _ 
N.A.C.A bood ,____________ _ ________ _ 
Variable r ing - ° 1 __ _ _____ _ 



































































SmooLh body ____ _ _ 
---I 0. 011(i 1 0.04_16~_0._0409 J 0. 0395 1 0. 0366 I 0.0320 1 0.0251 























CLARK Y WI G- VARIOUS RADIAL-ENGI E COWLI GS-'"l'RACTOR PROPELLER 
T ABLE V- Continued 
POWER COEFFICIE T 
P C"=~D· pn ' 
Propeller No. 4412-4 feeL. Set 17° aL 0.75 R. Angle o f aUnck=Oo 
Type of nacelle 
Smooth body. .. . . .. . 
Exposed cylinders , ... . . 
N.A.C.A. hood ' . .... . ........•••••.•. 






0.2 0.3 0.4 0.5 

















Nacelle position B, without s ide brackets 
.
:1 0: 81~g 1 0: g:~~ 1 0: ~g~ 1 0: ~m 1 0: ~~g~ 1 
.0436 .0435 .0428 .0414 .0391 
-----'-----'---
Exposed cylinders ' ..... . . . 
N.A.C.A. hood ' .. . 
Variable ring- ° ' .. . 

















Smooth hod y ... 
·1 0.040.2 1 0..0.104 r O. ~ 0.03 I I 0.0351 1 0.0306 1 0.0.238 
Nacelle position S·I·A, faired into wing 




N.A.C.A. hood ' . .. . 0450 .0447 .0440. .0426 .0399 .0365 .0.306 
. A.C.A. cowled nacelie:.:.:::: : .:: ::: : : .0454 .0451 .0443 .0427 .040.3 .0.363 .0303 
Variable ring-8° , ..... ......... . .. .--- - .0453 .0450 .0442 .0·125 .0.399 .0360 .030.3 



























Smooth body .. I 0.OH6 1 0.0417 1 0.0.109 I 0.0393 0.0364 1 0. 0319 0..0.251 1 0..0.161 I 0.0050 
Nacelle position A·I·B, faired into wing 
Exposed cylinders ' .... . . ... ... 0..0.434 0..0435 0.0430 0.0419 0.0.390 
' .A.C.A hood' ... . . . . : 
-------
... .0430 .0430 .0424 .0410 . 03 9 
Variable ring-8° ' . ... . . .. ......•.... .0426 .0428 .Qm .o.lI Q .0390 
N.A.C.A. cowled nacelle ...... . . . ...... .0420 .0420 .041 .0410 .0 5 
acelle position A-2·B 
Smooth hody ...... . ....• 
.. ··········1 0.0437 I 0..0.435 0..04 1 0..0411 I 
0.0384 
Exposed cylinders ' ... 
- - - - - - . 
.043 .0.438 .0433 .0420 .0395 
N.A.C.A. bood ' .... -.. -- .0446 • Q.l44 .0438 .0419 .0394 
Variable ring- 01 ____ 
-- - --- ----
.044i 
I 
. 0447 .0441 .0427 .0403 
N.A.C.A. cowled nacelle ... 
-- ---------
.0443 .0442 .0435 .0419 .0393 
Nacelle position C·3-B 
Smooth body .... .. .. 1 0..0408 0.0412 I 0.. 0410. O. 0397 1 Q. 0373 





.0.351 . 0.29 
I 

























. ... . 
... 
. 0008 




I· · ······· I 
I 0..0058 I········· ~ 
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------
Type of nacelle 
Smooth body __ 
Exposed cylinders , ___ 
N.A.C.A. hood ,_ 
N.A.C.A. cow led na'celle _ 
~:xposed cylinders' 
-- - -N.A.C.A. hood ,_ 
-- - -Variable ring _ ° '_. 
TABLE V-Continued 
POWER COEFFICIE T 
C P 
p= pn3 D5 











0.5 I 0.6 1 
acelle position B, with side brackets 
, 
- --- -----
0.0418 0.0-115 0.0407 0.0392 0.0367 0.0320 
-------- ---
.04 .0457 .0446 .0428 .0400 .0360 
---------
.0447 .0448 .0440 .0425 .0399 .0355 
-- ---------
.0451 .0450 .0442 .0427 .0399 .0355 











0.0404 I 0.0366 
\ 
- -------
.0438 .043 .0432 .0420 .0398 .0359 
-- ----
.0446 .0445 .0439 .0425 .0402 I .0363 


























1-------.0112 --.---- .. 
.0109 
I Smooth body --
---- ______ 1 0.0415 1 0.0411 1 0.0403 1 0.0300 1 0.0363 1 0.0322 1 0.0254 1 0.0160 1 0.0038 1---------
Exposed cylinders , _____________ _ 
N.A.C.A. hood' ________________ _ 
.A.C.A. cowled nacello ___________ _ 
Variable ring _8° , ___________________ _ 
Smooth body _ 
Exposed cylinders ,_ __ _______ _ __ _ 
N.A.C.A. bood , _____________ ___ _ ___ _ 
Variable ring _8° , ___________________ _ 
N.A.C.A. cowled nacelle _______________ _ 
Smooth body ______ _ _______________ _ 
Exposed cylinders , ____ ._ _ _________ _ 
N.A.C.A. hood , _________ _ _ _______ _ 
Variable ring _8° , _____________________ _ 















' acelle position B-I-A, fa ired into wing 
0.0450 0.0442 0.0427 0.0400 
.0446 .OHO .0425 .0399 
.0445 .0440 .0127 . 0401 
.0448 .0439 .0123 . 0399 
Nacelle position C-3-A 
0.0420 0.0413 0.0400 0.0371 






































































































. 0138 .0013 
.0152 .0036 
.0 142 .001 
Smooth body _ 
---·1 0.0412 1 0.0420 1 0.0419 1 0.0-105 1 0.0377 1 0.0328 1 0.0267 1 0.0180 1 0.0071 1---------









Cp = pn3D5 
PropeIler No. 4412-4 feet . Set 17° at 0.75 R. Angle of attack=100 
Type of nacelle 
0. 1 I 
Smooth hody__ _ _ ___ .. ____ . ____ . 0.0417 
Exposed cyl inders ' _ _ _________ _ 
.0460 
.A.C .A. hood , ____ _____________ _ ._._ 
. 0447 








0. 2 I 0.3 1 0. 4 I 0. 5 I 
acelle position B, with side hrackets 
0.0413 0. 0405 0.0393 0. 0368 I 
. 0461 . 0452 .0434 . 0404 
.0450 . 0444 . 0431 . 0403 I . 0452 .0443 .0427 . 0400 





O. 043 1 O. 0424 / 
. 0437 . 0423 
. 0140 . 0427 









































- - --- - ---
---------






Smooth body ___ __ . ___ _ ._ . __________ _____ 1 0. 0405 1 0. 0410 1 0. 0105 , 0. 0393 1 0. 0366 , 0. 0320 , 0. 0248 , 0. 0149 1 0. 0018 1- --------
Nacelle position B-1- , faired into wing 
0.0455 0. 0453 0. 0450 I 0. 0430 00410 0. 0372 0. 0314 0. 0230 0. 0125 I -- - - .----
. 0446 . OH9 . 0442 .0430 . 0400 .0361 . 0300 .0211 0107 ---._--- -
.0442 . 0447 .0444 I . 0431 . 0408 0366 . 0306 0223 . 0113 
--------. 
.0444 .044 . 0444 I .0431 . 0407 . 0369 .030 . 0224 . 0115 -.-------
Exposed cylinders ' _ _ __ 
N.A.C.A . hood ,_ _______ _ _____ __ 
N .A .C .A cowled nacelle . _ _ _________ _ 
Variable ring - ° , ____ ________ __________ _ 
--
acelle position C·3·A 
Smooth bOd y __ ___ _______________________ , 0. 0427 , 0.0422 , 0.0412 1 0.0392 , 0.0367 , 0. 0319 , 0.0250 I 0. 0160 , 0.0044 1---------
Exposed cylinders ' 
.A.C .A. hood ' _. _ .. 
Variable ring -So , ___ _ 
'.A .C .A. cowJed nacelle_ 
Smooth body _ _ _ ______ . __ .. _. __ _ 
Exposed cylinders' ___ _ __________ _ 
N .A.C .A . hood , _ _ __ _ _ _______ _ 
VariabJering- 0 ' _ _____ _ _ __ __ 




























acelle position A-2-8 
0. 04 0.0425 
.0439 .0429 
.0442 .0435 
. 0441 . 0429 
. 0437 . 0424 










Smooth bOd y _______________ ________ _____ , 0.0411 , 0. 0417 1 0.0417 , 0.0405 1 0.0376 
















































0. 01 9 , 0. 0082 1 ________ _ 
2!:J 
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TABLE VI 
PROP LSI VE EFFICIENCY 
(T -t:. D)V 
'1 = P 
Propeller o. 4412-4 leet. Set 170 at 0.75 R. Angle 01 attack=-5° 
Type 01 nacelle 
Smooth body _____ _ _ _ _ __________ _ 
Exposed cylinders , ________________ _ 
N.A.C.A. hood , ______________________ _ 
N.A.C .A. cowled naceIl6 ________________ _ 
Exposed cylinders ' ___ . __________________ 1 
N .A.C.A. hood , _______________________ _ 









0.2 0.3 0.4 0 .. , 





























0. 784 \ 
. 775 
.767 
Nacelle position C 
Smooth body ____ _____________________ _ \ 0.211 \ 0.397 0.553\ 0.0 0. 761 
Expofied cylinders' __ N .A.C.A. hood , _______________________ _ 
N .A.C .A. cowled nacelle ___ ________ ___ _ _ 





Smooth bOd y ____________________________ \ 0.204 
Exposed cylinders , _________ ____________ _ 
N .A.C.A. hood , ________________________ _ 
Variable r ing _ 0' ______________________ _ 
N.A.C.A. cowled nacelle ________________ _ 
Smooth body ____ _________________ _____ _ _ 
Exposed cylinders , ____________________ _ 
N.A.C.A. hood , _____________________ ___ _ 
Variable ring _ 0' ______________________ _ 




























Nacelle position C-3-A 
0.53 0.644 1 0.742 





0. 3 2 






















































































































100 ________ _ 
.282 ________ _ 
._s_m_o_o_t_h_b_O_d_y ____ -_'_'-_-_'_--_-_-_-_,-_,_--_-_-_--_-_--_-_-1 __ 0._2_06 __ 1_0_. 3_8_7......:._0_._53_...:...._0._6_53_\'--_0_. 7_3_6--,-_0_' 778 1 0.775 \ 0.634 1- --- -- ---- \ .. -'--,- I 




CLARK Y WING-VARIOUS RADIAL-ENGINE COWLINGS---'I'RACTOR PROPELLER 
TABLE VI--Continued 
PROPULSIVE EFFICIE CY 
(T- c,D)V 
'7= P 
Propeller No . 4412-4 feet. Set 17° at 0.75 R . Angle of attack=Oo 
Type of nacelle 
0.1 0.2 0.3 0.4 0.5 0.6 
' acelle position 13, with side brackets 
Smooth body ____ 0. 199 0. 373 0. 528 O. 6~0 0.717 0. 756 
Exposed cylinders ' __ __ . 192 . 366 .516 . 639 . 730 . 790 
.A.C.A. hood , __ ____ ___ 
. 193 .363 .510 .622 .706 . i46 
.A.C.A . cowled nacelle_ 
--
---------
.1 9 .35 . .102 . 621 .709 . 756 
Nacelle position 13, without s ide bracket. 
Exposed cylinders ' 
--
--I 









1 .A.C.A hood , ___ 
---~ -- -- - -- 208 . 393 .550 .676 . 762 11 Variable ring _8° , _______ : __ . 20 .393 . .152 . 680 768 816 
Nacelle position (' 
Smootb body __ ------ ---------------- ____ I 0. 206 0.387 0. 540 1 n 661 0. 748 0. 795 1 
Nacelle position B- I-A , fa ired into wing 
0. 205 0. 392 0. 517 0. 682 0. 775 0. 834 
19 . 377 529 .647 .73 790 
Exposed cylinders' ____________ _ 
N.A.C.A. hood , __________________ ____ _ 
N.A.C.A. cowJed nacelle . __________ _ 
. 197 . 373 .523 643 724 i75 Variable ring _8° , ___ ___________________ _ 
. 195 .372 524 . 650 .n . 7 0 
Nacelle position C-3-A 
Smooth body ______________ 
-
-----------1 0. 200 0. 377 1 0. 530 1 0. 652 1 0. 736 0. 775 1 
Nacelle position A-I-B, fa ired into wing 
Exposed cylinders , ___ ___ 0.203 0. 386 0. 545 0. 671 0. 770 O. 28 
N .A.C.A. bood' ___ ______ 
. 200 .3 I .538 . 665 .74 . 783 
Variable ring _8° , ________ 
------- -----
. 202 .382 . 540 . 662 . 745 .795 
N.A.C.A . cowled nacelle . __ 
-------------1 . 207 . 391 . 544 . OW . 752 7 7 
Nacelle pO 'iUon A-2-B 
Smooth body ___ __ _______________________ 0. 201 0. 3 2 0. 535 0. 662 0. 749 0. 7 
Exposed cylinders' ___________________ 203 385 541 668 764 19 N .A.C.A hood , _____________________ 194 368 515 640 727 773 Variable ring _ ° , _____________________ 201 381 53h 665 757 15 
N .A .C.A. cowled nacelle. _____________ 197 372 522 642 727 ii! 
Nacelle posi tion 0-3-13 
0.210 1 0. 389 1 0. 536 
I----------------------~----~ 
O. 652 1 O. 724 1 O. 772 Smooth body _ 
, Small nacelle. 
0.7 0.8 0.9 1.0 
0. 745 0. 607 
-.-------- ---.-
--
. 815 . 760 0. 350 
---------
753 .636 
. no . 603 
---------- - - -------
O. 34 0. 780 0. 468 
13 . 721 . 238 
1-------823 734 319 ---------
o 7 5 
I 
o 5S3 1----------1------·_· 
0. 859 0. 799 0. 439 
00 716 . 286 
7 5 . 706 252 
777 . 667 . 146 
0. 761 1 0. 596 1----------1---------
O. 40 0. 790 0. 540 1---------
iiO . 6~ . 3li 
. 795 740 . 440 
790 728 425 
0. 774 0. 631 ---ii ~~r:::::::::: .833 77 777 686 
27 773 464 1---------
i73 0 245 
0. 763 I 0. 600 1----------1---------
31 
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TABLE VI-Continued 
PROPULSIVE EFFICIENCY 
(T - tlD)V 
1/ p 
Propeller No. 4412--1 feet . Set 17° at 0.75 R. Angle of attack=5° 
Type of nacelle 
Smooth body __ _ . __________ ______________ _ 
Exposed cylinders , _____ ____ _________ ___ _ 
N.A.C.A. hood , _______ _____ __ _____ _____ _ 
' .A.O.A. cowled nacelle __ ___ __ ________ _ _ 
Exposed cylinders ,-- -- _____ _____ ___ ___ _ 1 
N.A.C.A. bood , _____ ___________________ _ 
Variable ring _8° , _____ _________ _______ _ _ 
Smooth body --- -- - __ __ --- _ -- -- _ --- - - _____ I 
Exposed cylinders , _______________ _______ 
N.A.C.A. hood , ___ _______________ _______ 
N .A .C.A. cowled nacelle __ ______ __ _______ 
Variable ring _8° , ____ __ __ ______ ____ __ ___ 
Smooth bod y ------------ ---- -------- _____ 1 
Exposed cylinders , __ _____ _____________ __ 
N .A.C .A. hood , __ ________ ____ ________ ___ 
Variable r ing _8° , _______ _____ _______ ____ 
.A.C.A. cowled naceIl6 ________ ___ ______ 
Smooth body ________ ______ ________ ___ ____ 
Exposed cylinders , _______ ___ ______ _____ _ 
N.A.C.A. hood , ________ ____ __ _________ __ 
VariAble ring _ ° , ____ ___ _____ ________ ___ 
N .A.C.A. cowled n8celle _____ ___ _________ 
Smooth body ____ ____ - - - - ___ - - - ---- - - - ___ _ I 

























0.2 0.3 0.4 0.5 


















Nacelle position B. without side brackets 







O. 652/ O. HO 1 
.657 .735 
.654 .736 









' scelle position B -I-A. faired into wing 
0.370 0.524 0.641 0.730 
.371 .519 .640 .719 
.370 .517 .630 .711 
. 366 .517 .639 .725 







Nacelle position A-I-B, fa ired into whig 
0. 390 0.549 0.673 0.763 
.372 .523 .640 .722 
.3 2 . 540 .654 .736 
.388 .542 .664 .745 
Nacelle position A-2-B 
0.372 0. 523 0.645 0.732 
. 381 . 533 . 654 .743 
.364 . 515 .637 .723 
.380 .534 .662 . 756 
.371 .515 .632 . 710 
Nacelle po it ion C-3·B 
















































































0.322 ________ _ 






















OLARK Y WING-VARIOUS RADIAL-ENGINE COWLINGS--TRAC'l'OR PROP~LL:ElR 
TABLE VI-Continued 
PROPULSIVE EFFICIENCY 
(T- tlD) V 
'7= P 
Propeller No . 4412-4 feet . Set 17° at 0.75 R. Angle of attack=100 
Type of nacelle 
0.1 
Smooth body ___ _________________________ 0. 189 Exposed cylinders , _____ _________________ 
. 181 N.A.O.A. hood , ____ _____________________ 
.186 
N .A.O.A. cow led nacelle __ 
- ------- - -----
. 182 
Exposed cylinders ' ______________________ 1 0.199 N.A.O.A. hood , _________________________ 
.198 Variable ring _8° 1 _______________________ 
. 196 
Smooth body ________ ____ 
----------------1 0.198 
Exposed cylinders , _______________ __ _____ 0 I 
.A.O.A. hood , __ ___ ___________________ _ 
.191 N.A.O.A. eowled nacelle ________________ 
. 193 Variable ring -8° , _______________________ 
.192 
Smooth body ____________________________ / 0.192 
Exposed cylinders ' ______________________ 1 0.208 N.A.O.A. hood , ___________________ ______ 
. 197 Variable ring _8° , _______________________ 
.197 
N.A.O.A. cowled nacelle _______ __ ________ 1 
.204 
Smooth body ____ _________________________ 0.193 Exposed cylinders , ______________________ 
.197 
.A.O.A. hood , ______________ ___________ 
.19 Variable ring _8° , ___ ____________________ 
. 198 
N .A.O_A. cowled nacelle _______________ 
. 194 
Smooth body ___ ______ ___________________ 1 0.207 
, Small nacelle. 
0.2 0.3 0.4 0.5 
Nacelle position B, with side brackets 
0.355 0. 491 0.589 0.649 
.341 .478 .589 . 668 
.342 .470 .563 .627 
. 340 . 475 .575 .640 
V 
nD 









.369 .506 .611 .680 
. 366 . 506 .613 .689 
, aeelle position 0 
1 0.365 0.502 1 0. 602 0.663 
aeelle position B-I-A, faired into wing 
0.358 0.505 0. 630 0.706 
. 356 .497 . 595 . 675 
.357 .490 .592 . 655 
. 355 . 490 .594 .667 
Nacelle posi tion 0-3-A 
0.367 0. 51 0.640 1 0. 714 
Nacelle position A-I-B, fa ired Into wing 
0. 392 0.542 0.657 0.730 
.363 .50 .614 .690 
.376 .526 . 638 .725 
. 385 . 530 . 636 . 705 
Nacelle position A-2-B 
0. 363 0.506 0. 621 0. 701 
.369 .512 .620 . 700 
.356 . 495 .597 .670 
.376 .524 .644 . 730 
. 370 . 506 . 617 . 695 
1 acelle po jtion C-3-B 






























































O. - 5 
0. 675 










o. III ________ _ 
.210 ________ _ 
0.491 
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TABLE VII 
LIFT COEFFICIENT WITH PROPELLER OPERATING 
Lp 
CLp= qS 
P ropeller No. 4412-4 feet . Set 170 at 0.75 R. Angle of attack=-5° 
Type of nacelle 
0.1 0.2 0.3 0.4 0.5 
Nacelle position B, with side brackets 
mooth hody ........................... 1.......... ........... . 1 
Exposed cylinders , . ............................•.................. 
N .A.C.A. hood , ...............••••••....•....•.•...•................. 









Nacelle pOSition B, witbout s ide brackets 
V 
71 D 
Exposed cylinders , ................. 1
1 
......... 1 .......... 1.·· .. 
N.A.C.A. hood , ............................ _ ..... _ ..... . 







Smooth body ........ _ 
sce lle pOSition C 
-1-·······--1-·········1·--·······1 0.010 0. 038 










































































Smooth body \ ...... I· 0. 055 \ 0.019 0.0·12 1 0.039 1 0.035 1 0.032 1 0.030 
Exposed cy linders ' ... _ ... __ ... . 
N.A.C .A. hood , ..... . ......... . 
Var iable ring _ ,0 ' ....•......... 
N .A .C .A. cowled nacelle. ___ ... 
Smooth body ._ .. _ ..... . 
Exposed cylinders ' .... _ 
N.A .C .A. hood , ....... . 
Variable ring _ 0 I ___ _ 
:\l.A .C.A. cow led nacelle _ 
Nacelle posi tion A·I·B, faired into wing 
... .I. 
-0. 012 1-0. 022 . 010 005 
-. 072 -.039 
- .0 I I 
N acelle position "~·2·B 























- . 005 

































Smooth bOdy· ······ .. ··················I··········I· .. · .. 1._ ........ 1 -0.038 1 0.000 1 0.010 1 0.01l 1 0. 011 1 0. 011 1 0.011 
, Small nacelle. 
L 
CLARK Y WING-VARIOUS RADIAL-ENGINE COWLINGS--TRACTOR PROPELLER 
TABLE VII-Continued 
LIFT COEFFICIE T WITH PROPELLER OPERATI G 
C L p Lp=qS 
Propeller No. 4412-4 feet. Set 17° at 0.75 R. Angle of attack=Oo 
Type of nacelle 
0.1 0.2 0.3 0.4 0.5 
Nacelle position B, with side brackets 
mooth body __ .... . ....................................... __ .... . 
Exposed cylinders ' ....... _ .. ______ .. _. __________ .... _ .. _ ._ ... ____ . __ .. 
N.A.C.A. bood ' .. _ ........ _____ ._ .. _ ... ___ .................... _ ... . 









Nacelle position 13 , without side brackets 
Exposed cylinders ' ........... ··.·.·,.· .... ·· .. 1-·.· ...... 1 ·'-1 N.A.C.A.hood '0 ., ..... ---..... -......................... --.- --.- ..... . 




Nacelle po~ition C 
Smooth body ....... _. 





Nacelle position B·I·A, faired into wing 
Exposed cylinders ' ................. _ ... _ ............... _ .•........... 
N.A.C.A. hood , ............... . ..... _. ___ ........................... . 





Nacelle position C·3·A 
Smooth body ...... . 






:\acelle position A·I·B, fa ired into wing 
Exposed cyli nders' . 
N .A.C .A. hood , ... 
Variable ring _8° , 
N.A.C.A. cowled nacelle ... 
Smooth body . 
Exposed clyinders ' 
N.A.C.A. hood' 
Variable ring _8° , 





----- .. -------- ----.-
_._------
------
--- ----~ --- --------.- ----.-
' .. ' ·····1 
----- --
mooth body .... ............ _ .......... 1 ....... · .. 1 ... ·.· 
, Small n acelle. 
·r - 0.291 . . .301 .278 - ~- - .243 







































































































































O. 320 1 O. 320 
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TABLE VII-Continued 
LIFT COEFFICIENT WITH PROPELLER OPERATING 
CLP=~; 
Propeller No. 4412-4 feet . Set 17° at 0.75 R. Angle of attack=5° 
Type of nacelle 
0.1 0.2 0.3 O. -I 0.5 
Nacelle position B, with side brackets 
Smooth body ___________________ ______________________________________ _ 
Expo ed cylinders , ___________________________________________________ _ 
N .A.C.A . hood , ________________________ . ____ _ 











Nacelle position B, without side brackets 
Exposed cylinders ' --- ------------------\----------\------ ___ 1 _________ 1 N .A.C.A. hoo  , ________________________________ . _ _ ..  . _








~ scelle posi lion C 
Smoolh body ______ ___ ______________ _____ 1 __ 
-----1----------1--- ------1 0. 732 0.677 
Nacelle position B-I-A, fai red into wing 
Exposed cylinders , _____________________ I 
._.- --.- 0. 795 0. 724 N.A.C.A. bood , _________________________ ~~~~~~:~~r:~: ~:~:~ . 764 . 704 N .A. C.A . cowled nacelle ________________ 13 .733 Variable ring _8° , ____________________ 
. 825 .721 
Nacelle position C-3-A 
Smootb body _ 
--------------
-- --- 1--- ----- 1--- -----1- -----1 0. 640 1 0.627 
Nacelle position A-I-B , faired into wing 
Exposed cylinders , ______________________ 
-------l----- -. --.- 0.605 0.5 N.A .C.A . hood , _________________________ -------------------- .620 .595 Variable ring _8° , ____ ___________________ 
--------.---._------ . 584 .572 N .A .C.A. cowled nacelle ________________ 
--- --. -- ---- ----- . 563 . 557 
acelle position A-2-B 
Smootb body __________________________ 
--- --- --1---------1------- 0.59-1 0.599 Exposed cylinders' ______________________ 
--------.----------- ----------
.600 .603 N.A.C.A. hood , ___ _____ _________________ 
-------------------- --.-.-.--- .589 . 500 Vs ri ablering _8° , ______________________ 
:::::::::r::::::::I:::::::::: . 601 .600 N .A .C. A . cowled nacelle _________________ . 619 . 601 
Tscelle position -3-B 
Smootb body __ 
_.-
---- ------------------1----------1----------1----------I 0.600 I 0.600 




































































































































CLARK Y WIN G-VARIOUS RADIAL-ENGINE COWLINGS-TR ACTOR P R OPELLER 
T ABLE VII-Continued 
LIFT COEFFICIENT WITH PROPELLER OPERATI NG 
Propeller 0.4412-4 feet. Set 17° at 0.75 R . Angle of nttack=IOo 
Type of nacelle 
0. 1 
Smooth hody ___________ _ 
Exposed cylinders , __ 
X .A.C.A. hood' ___ _ 
'.A.C.A. cowled nacelle 
0.2 0.3 0.4 0.5 









Nacelle posi tion B. without s ide bracket. 
V 
nD 
Exposed cylinders , __ 
X.A.C.A. hood , ___ _ 
Variable rin~ _80 I. 
--. -- -1- -- -- ---- -1-- ------- -1----- -----, 
--------.---- - - _.--.-
- ----------- -------------- - -_. 
1.050 
I. 0~2 
1 041 I 0. 988 I .990 .997 
Nacelle position C 
Smooth body ________ 
-------------------1 .. · . 
--1-------1·---- -I I. 030 1.021 
N acelle p osition B-k\. faired into wing 
Exposed cylinders , ___________________ --' __________ 
, 
---------- --
1.121 I. 041 
N.A C .A . boorjl _ ------ --- _________ 1 __________ 
---------- ---------
1. 111 I. 042 
N .A.C.A. cowled nacelle _______ ________________ ___ I. 140 I. 050 Variable ring _8° , _____________________ __ __________ 1.135 I.~O 
Nacelle position C-3-A 
Smooth body ______ 
-----
-1----· -----I· ---------1· -. -- ---·-1 0.915 1 0.930 
1\acelle po.ilion A-I-D. fl ira'! int o win~ 
Exposed cylinders , __ 
-- -
--- ---





Varia hie rin~ - n, .96 .922 
N.A.C.A. cowled naci lie:--
-- -
.914 890 





Exposed cylinders i_ .969 .911 
1\.A .C.A. bood , __ .963 . 912 
Variable rin~ _8° , .896 .893 
X .A.C.A. cow led nac ' II ' .936 .930 
;-< ac~ lI e p.>sitiOll (,-3-B 
Smooth body. 
-- - ----------
----1-------- -I· ----I --- -I o.no 0.920 
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TABLE VIn 
MOMENT COEFFICI ENT WITH PROPELLER OPERATING 
et 170 at 0.75 R. Angle of attack= - 5° 
Type of nacelle 
0.1 0.2 0.3 0.4 0.5 
Nacelle positIon D, w,th side brackets 
Smooth body__ ______________ _ _______ .___ .. _. ______________ _ 
-0.123 -0.100 Exposed cylinders ,______________________ ______ _ ________ ._. ____ _ 
-.09 -.084 K.A.C.A. hood , _______________ _ _ ______________ . __________________ _ 
-.104 -.091 N.A.C.A. cowled nacelle ___________________________________________ _ 
-. 110 -.100 







- . 092 
Exposed cylinders' -- -- _ _ __1____ --:1- - - ---I -1-0,104 1-0093 1 N.A.C.A. hood ,___________ ______ ____ _ ______ _ _____ ___ _ __ = 104 = 093 

























Smooth body _____________ _ 
___ 1 _________ 1 _____ . ___ 1 __________ 1-0.105 1-0. 09 1-0.079 1-0.075 1-0. 071 1-0.069 I -0.067 
I--------------------------~------~ 
Nacelle position H-I-A. faired into wing 
Exposed cylinders '--- ---- ------------- __________ 11 ____________________ -0. 162 
N.A.C.A. hood ,_____________ ___________ __________ __________ __________ -.142 
N.A.C.A. cowled nacelle ___ _ __ _ _ __________ . _________ . _____ . _____ -.17 










- . 114 














'scelle posit,on -3-..\ 
Smooth body ___________ _ I -----1- -- -- i -0340 1-0. 202 1-0. 135 1-0. 100 1-0. 074 1-0. 056 I -0.0<12 
Nacelle position A-I-8, faired into wing 
-------
Exposed cylinders , __________________________________________ _ 
-0.026 -0.043 -0.055 -0.063 -0.067 -0.071 -0.072 N.A.C.A. bood , _________________________________________________ _ 
-.024 - . 040 -.052 -.059 -.063 -.065 - . 066 
-.015 -.039 -.055 -.065 -.073 -.079 -.083 
-.027 -.042 - . 054 -.062 -.069 -.074 -.077 
Variable ring _ 0'_________ _______ _ ______________________________ _ 
N.A.C.A. cowled nacelle __________________________________________ _ 
Nacelle position A-2- B 
Smooth body _______________ _ 
.- ... _ ....... - 0. 031 -0.010 -0.036 -0.056 -0.070 -0.080 -0.0 5 
Exposed cy li nders , _______ _ 
--- ---------. 
.050 -.007 -.040 -.061 -.075 -.085 -.092 
K.A.C.A. hood , __________ _ 
----- -------- ~ ---- ------- .045 -.012 -.043 -.062 -.075 -.083 -.088 
---------
.060 .010 -.029 -.056 -.072 -.082 -.085 
--- ._------- .0-11 -.001 -.031 -.052 -.067 -.077 -.0 4 
Variable ring _ 01. ___ . ___ _ 
N.A.C.A. cowled nacelle 
Necrlle position C-3- ll 
Smooth body __ -------------- __________ 1 __________ 1 __________ 1. _________ 1 0. 11·) I 0.03·1 1-0. 020 1-0. 054 1-0. 076 1-0. 090 I -0. 100 
, Sma ll nac211e. 
CLARK Y WING- VARIOUS RADI AL-ENGINE COWLINGS-TRACTOR PROPELLER 
Type of nac~l\e 
Smooth body ... _. _."_' 
Exposed cylinders , __ . __ _ 
N.A.C.A. hood ' .... _. __ _ 
N. A.C .A. cowled nacelle 
E xposed cylinders , __ . . . 
X. A.C.A. hood , _________ _ 
Vllriable ring _8° I . _ _ __ _ 
TABLE VIII- Continued 
MOME T COEFFICIE T WITH PROPELLE R OPE RATIN G 
C _JJP 
mp - qSc 
Propeller No. 4412-4 feet. Set 17° at 0.75 R. Angle of attack =0° 
0. 1 0.2 0.3 0.4 0.5 0. 6 0. 7 0.8 
Nacelle position B. ,,-itb side brackets 
-/--.-----. - . --- ·· · --1-_···_··· -1 
- . -- -- - ---- --~ - -- -- - - -- - - -- - - -
r::·::::·:-·-:·:::::::I 
-0. 078 -0. 066 
-0. 059 1 - 0. 055 
- . 072 -.062 - . 055 -. 052 
- . 065 -.054 - . 047 - . 045 
- .071 - . 065 - . 063 -.060 
-0.096 
-.OS5 
- . 034 
-.079 
Nacelle position B. without side brackets 
__ 1_ - . - -I - - I - -----1 -0.077 1 
_ -------- _ _ _ ___ _ 1 __ -- - -- -- :.033 




1 . 070 
-O.06i I -0. 063 / -0. 060 I 
- . 065 - . 059 - . 056 
-.065 - . 062 -.060 
----
Nacelle position C 
0.9 
-0. 055 1 
-.050 









- . 058 
-0. 056 
- . 054 
-.05 
Smooth body _ -----.---.--- _________ _ 1 __ - ---·-/----------1--------- -0. 01 1 -O. OtH 1 -0. 054 1 -0. 050 -0. 049 1 -0. 04 I -0.046 
1\'acelle posilion B- I-A. faired into wing 
Exposed cyli nders , __ _____ _ 
N .A.C.A. hood , __ _______ _ 
N.A C.A. cowled nacelle . _ _ __ _ Variable ring _8° , ______________ _ 
-- :1 ---------1 -0. 134 -0. 100 -0.0,6 -0. 060 
I 
-0. 051 -O. Oli 
--- -·-------1 - . 157 -.107 - 079 - . 062 - . 052 - . 046 
:I.: _::::: -:' - . 145 104 - 075 - 058 - . 04 - . 044 . - . 145 105 - . 07 - . 062 - . 050 - 042 
I 
-0. 044 
- . 041 
- . 040 
-. 037 
Nacelle pos'tion C-3-A 
Smooth body ____ • ____ _ ._-_-_-_. _____ -I ______ .L. _______ I -0.322 i -0. ISO I -0. 11 . -0. 083 1 -0. 05 1_- _0_.04_ 3 -'-_-_0_.031 
Nacelle position A-I-B. raired into wing 
Exposed cylinders , ___ 
-1- ---1-
-0. 008 -0. 033 -0.050 -0. 060 -0. 067 -0. 070 -0. 072 
N A.C .A . hood , __ ___ --
- -. - - -
. 063 = : ~~ I -051 I - . 066 - . 077 1 - . 085 - . 092 Variable r ing _ ° , ______ 
----: =---- -====.:---
.009 - . 045 - . 05 - . 067 - . 072 - . 074 
X .A.C .A . cowled nacelle _ -.022 -.035 -.045 - _053 - . 060 - . 065 - . 067 
N acelle pOSition A-2-B 
Smooth body 
I "I: 
0. 052 0. 002 -0.028 -0.050 -0. 065 -0. 0751 -0. 07 
Exposed cyli nder; ,_-~_ .068 
.009 / - . 029 - 050 - . 065 - . 074 
- . 07 




- . 045 - . 061 - . 0;2 - . 079 
N .. \. C.A. cowled nacelle . 06.1 . 010 - .021 - . 045 - . 060 - . Oil - . 079 
Xacelle posilion C-3-B 
Smooth body 
----- -
--1-- ------ --I 0. 117 1 0. 040 1 -0. 0121 -0. 044 -0. 060 I -0. 082 1 -0. 094 
, Small nacelle 
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T ABLE VIII-Continued 
MOME T COEFFICIE T WITH PROPELLER OPERATI G 
C _ 1l1p 
mp- qSc 
Propeller No. 4412-4 feet . Set 17° at 0.75 R. Angle o[ attack=5° 
Type o[ nacelle 
0.1 0.2 0.3 0.4 0.5 
Nacelle posItion B, witb side brackets 








Nacelle position B, without side brackets 






























~xxobe.~<\.c~~~~er.;sl~~:::::::::_::-:::: __ -:ll_:_:_:_: __ 1::::::-:-1: -- -:I -~ g~g I-~: gg~ 1-~:. gog5bl 1-~:·&t044861-~:· ~04465 1 -~:·8!04&51 
--~----~--~----~-----~----~--~----~----~----
Nacelle position C 
Smootb body ________________________ 1 _________ 1 __________ 1 __________ 1 -0. 056 1 -0. 045 1 -0. 036 1 -0. 030 1 -0. 027 1 -0. 026 1 -0.025 










- . 080 





Exposed cylinders 1 ___________________________________________________ _ 
N .A.C.A. bood 1 _____________________________________________________ _ 
N .A.C.A. cowled nacelle ________________________________________ . _____ _ 






- , 056 
- 05S 
-0,058 







Nacelle posItion C-3-A 
Smooth bOdy _____ __ _____________________ I----------I----------1----------1 -0. 295 1 -0. 172 1 -0. 105 1 -0. 066 1 -0. 043 1 -0.030 I -0.021 
Tacelle position A-I-B , [aI red into wing 
0. 026 1 -0.010 -0.033 -0.047 -0. 055 -0.060 -0.061 
.014 -,022 -,045 -.059 -.061 -.060 -,060 
,025
1 
-.009 - . 033 -.049 -.058 - ,064 -.066 
. 00'1 - . 022 - . 038 -,0·18 -,055 -.059 -.061 
Exposed cylinders 1 ______ --------------- __________ 1 __________ -------- -I N .A,C ,A. hood 1 __________________________________ ._._ ... __ • ____ _ 
Variable ring _8° 1 __________________________ • ______ .. _ _ ___ _ 
N.A.C.A. cowled nacelle __________ ------ ----------1---------- ----------1 
Nacelle posItion A-2-B 
Smootb body ________ 
------------ ---- -_.------- ---------
----I 0, 075 1 0, 017 - 0. 019 - 0. 039 1 -0,052 I -0.061 -0,066 Exposed cylinders 1 ____ . 056 , 005 -.028 -. 046 -.059 
I 
-.068 -.OH 
' .A.C.A, bood I. ___ .066 ,013 =:g~ -. 043 -,054 -.063 -.069 Variable ring _ 01 _______ 
--
- --------
.060 . 016 =:gJ~ I -.064 -,075 -.081 N,A ,C,A . cowled nacelle 
------------- .-------
.071 .020 -.012 -.050 -.061 -.069 
I 
Nacelle position C-3-B 
_s_m_oo_th_h_Od_y_-_-_--__ --_-_--_-_--_-_--_-_--_-_--_-____ -_--~·-_--_-_--_-_--_-~I-_--_-_--_-_--_-~I _--_-_--_--_-.~-1~_0_. _1 5_9~1~_0_._05_7 ! 0. 005 1 -0. 028 1 -0,050 I -0. 064 1 -0,075 -





CLARK Y WING- VARIOUS RADIAL-ENGINE COWLINGS--'1'RACTOR PROPELLER 
TABLE VIII-Continued 
MOMENT COEFFICIENT WITH PROPELLER OPERATING 
C =!I1p 
mp qSc 
Propeller No. 4412-4 feet. Set 17° at 0 75 R Angle of attack=lO° 
T ype of nacelle 
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 
Nacelle position B, with side brackets 
I 
Smooth body _ •... _ ........ ______________________ . ________ . ___ • _______ _ 
-0.053 -0.042 -0.035 -0.031 -0.028 -0.028 -0.028 Exposed cylinders 1_.___ _ ______________________ _ 
N.A.C.A. bood '. _____ _ 














N.A.C.A. cowled nacelle 
- . 0-15 -.0-12 -.040 -.038 -.036 -.035 -.035 
Nacelle pOSition B, without side brackets 
-0. 054 1 
-.030 
-.030 
-0. 046 1 -0. 042 1 -0.039 1 
- . 030 -.030 - 030 
-.030 -.030 - . 030 
Exposed cylinders ._ ..................... / ........ __ 1_ .. _ ...... / .......... /-0. 065 1 
NA.C.A. hood •. .. ............ __ ... _. ___ .. _ .. ____ . __ .• _____ ._ .. _._._ -.030 









Nacelle position C 
Smootb bOdy ___ ·_· __ ·_·_·_········_···_·I·_···· ____ I_···_···_-I-.------ .-[ -0,020 1 -0.015 [ -0.012 [ -0.0101 -0.0081 -0.007 [ -0.007 
NaceUe pOSition B-I-A, fa ired into wing 
Exposed cylinders ,_ .. _______ . _______________ . ___ J
1 
___________________ _ 




























aceUe position C-3-A 
Smootb body _____ ._._ .. ___ . . ..••.. _ ...•• [ .••••.. .. + ......... 1 ...... ···-1 -0. 285 1 -0_ 152 1 -0. 096 1 -0.063 [ -0,041 I -0.026 I -0.016 
Nacelle position A-I-B, faired into wing 
Exposed cylinders '_ .. ___ . __ . __ .. _. __ . _____ . ______________________ . ___ _ 
N.A.C.A hood 1 __ ._. _____________ •• ___ • ___ •••••••••••••••••••••••••••• 
Variable ring _ ° ' ... _ ..........••••..... ___ ._ .••...•...........••..... 




























-0.043 -0.051 -0,056 -0.060 
-043 -.050 - . 055 -.057 
-.039 -.047 - . 052 -.056 
-.042 -.050 -.055 -.058 
-0,027 -0.049 -0.057 -0.062 
-.044 -.058 - . 066 - . 071 
-,039 
- 049 -.056 -.062 
-040 -.054 -.061 -.066 
-.040 -.049 -.054 -.057 
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TABLE IX 
RELATIVE MERITS OF VARIOUS COWLINGS FOR DIFFERE T NACELLE LOCATIONS 
HIGH AND OR U I SI NG SPEED OONDITION 
V Propeller No. 4412--1 feet. Set. 17° at 0.75 R. 7lD=0.65 CL=0.347 
N acelle location ___ ----------------- -- ----1 B B ' o 1 B-l-A ' I C-3-A 1 A- I-B 'I A-2-B I 0-3-B 
P ropuls ive efficiency (~ ) 
Smooth body _____ _______ _____ ____ ______ __ _ 0.760 _____ ____ _ 0 . 793 0.778 _________ _ 
E xposed cylinders , __ _____________________ _ . 805 0. 832 _____ ___ _ _ o 853 0. 840 
: 73 I :::~:::::: . 800 Variable ring _8° , __ __ _ ____ _ .823 _________ _ N .A.O.A. hood , _ ___ ______________ _____ _ .758 .816 _ __ _ __ _ .803 _____ __ ___ .7 2 
N.A.O.A. cowled nacelle _________________ _ .760 _________ . ___ _ _ . 788 __________ . 793 
NacelJe drag efficiency factor (1 .D .F.) 
Smooth body_ ___ _______ ____ __ ____ ___ ______ 0.037 __________ 0. 070 __ ___ ___ 0.141 
Exposed cylinders ,_ ___ _____ __ ___ ______ ____ . 1 5 0.262 __ __ ______ 0. 31 
Variable ring _8° ,___ ________ ___ _____ ____ __ __ ________ .177 __________ .211 
.A .C.A. hood , _____________ __________ ____ .122 . 170 ______ __ __ . 195 
N .A .. A. cowled n acelle_ _______________ ___ .046 __________ __________ . 125 
Net efficien cy (~-N .D .F) 
Smooth body __ _____ ____________ ____ __ __ ___ 0.723 __________ 0. 723 
Exposed cylinders , ______ _______ _____ ____ __ . 620 0.570 ______ ___ _ 
Variable ring _8° ,_______ _____ ____ ____ __ __________ . 646 ______ ___ _ 
N .A .O .A. hood , _____________ _ _______ ____ . 636 . 646 ____ ____ _ _ 
N .A .O_A. cowled nacelle_________________ __ .714 ___________________ _ 
, Sm a ll nacelle. 
, Side brackets removed. 

































RELATIVE MERITS OF VARIOUS COWLI GS FOR DIFFERENT ACELLE LOCATIONS 
OLIIIIBINO CONDITIO N 
l ' 
Propeller No. 4412-4 feeL. Set 17P aL 0.75 R . nD= 0,42. CL=0.635 
Nacelle location __ - ----- --- ----- - ---- -- -----1 B B ' o I B -I-A ' C-3-A I A-I-B ' I A-2-B I 0-3-B 
Propulsive efficiency a t climbing speed 
Smooth body _ _____________ __ ______________ 0.640 __________ 0.650 ________ _ _ 
Exposed cyHnder '. ___________________ _____ 63 0. 672 ________ __ 0.675 
Variable ring _8° , _____ _____ ____________ __ ________ .679 __________ .665 
' .A .O.A . bood ,__ __ __ __________________ .627 . 678 __________ . 662 
N .A .C .A. cowled nacelle__ _________________ .618 __________ ___ __ _____ . 658 
Nacelle drag efficiency factor (N .D .F. ) 
Smooth body _ __ ___ _____ _____ ____ __ ___ ____ _ -0.016 __________ -0. 014 
Exposed cylinders ,__ __ __ __ _ ___________ ____ . 021 0. 026 _________ _ 
Variable ring _8° , _ ___ _ _________________ ______ ___ .021 
.A.O.A. bood , ______________ _ __ . 000 . 01 _________ _ 
.A .C .A . cowled nacelle. __ - . OJ3 __ ___ ______________ _ 
Net efficiency (~-N . D .F.) 
Smootb bod y __ ____ __ ___ __ ____ _______ ______ 0. 656 __________ 0.674 
Exposed cylinders , ___ _____________________ . 617 0.646 ________ _ 
Varia ble ring _8° , ____ .__________________ __________ .6 - ______ _ 
N .A .O_A . bood , ________ ___________ _____ _ . 627 . 660 _______ _ 
N .A .O.A. cowled n acelle_ __________ _____ ___ . 631 ____ ____ ___________ _ 
, m all nacelle. 
, Side brackets removed . 

















































Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Sym-Designation bol symbol Designation bol 
LongitudinaL __ X X rolling _____ L 
LateraL _______ Y Y pitching ____ M 
JormaL __ ---- Z Z yawing _____ N 
Absolute coefficients of moment 
L M N 
0 1= qbS Om= qcS 0 .. = qbS 
Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 
axis) 
Y--+Z roll ______ q, u p 
Z--+X pitch _____ (J f) q 




Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript.) 













Thrust, absolute coefficient OT= pn'fD4 
Torque, absolute coefficient OQ= ~D5 pn 
P, Power, absolute coefficient Op= :D6' 
~pV6 Os, Speed power coefficient= Pn2 ' 
7], Efficiency. 
n, Revolutions per second, r. p. s. 
<1>, Effective helix angle = tan-1 (~~n) 
5. NUMERICAL RELATIONS 
I hp. = 76.04 kg/m/s = 550 lb ./It./sec. 
I kg/m/s=0.01315 hp. 
I mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 
I lb. = 0.4535924277 kg. 
I kg = 2.2046224 lb. 
I mi. =1609.35 m=5280 ft. 
I m=3.2808333 ft. 
